33 os. 


BIOLOGICAL DRAWINGS 

WITH NOTES 


mo 

£3 n) 


By MAUD JEPSON, M.Sc. (Manchester) 

(First Class Honours in Zoology) 


With a Preface by 

H. GRAHAM CANNON, M.A., Sc.D., F.R.S. 

Professor of Zoology, The University, Manchester 



PART II 


LONDON 

JOHN MURRAY, ALBEMARLE STREET, W. 


First Edition . 

Second Edition 

Third Edition 

Fourth Edition 

Fifth Edition . 

Reprinted 

Reprinted 

Reprinted 

Reprinted 

Reprinted 

Reprinted 

Reprinted 

Reprinted 

Reprinted 

Reprinted 

Reprinted 

Reprinted 

Reprinted 

Reprinted 

Reprinted 

Reprinted 


May 1938 
March ' 1939 

January 1940 
October 1941 
July 1942 
February 1943 
November 1944 
December 1943 
April 1947 
A ugust 1947 
December 1947 
March 1948 
February 1950 
February 1952 

May 1953 

January 1955 
January 1956 
A ugust 1957 
May 1959 
August 1961 
July 1963 


To the Memory of my Mother 
EMILYNE MAUD JEPSON 


PREFACE 


The considerable experience gained by Miss Jepson in teaching School Certificate 
pupils and candidates for higher examinations, has prompted her to produce this 
book of illustrations. Her object has been, not to minimize or cut out much of the 
practical work, but rather to enable the student to derive the greatest benefit from a 
period in the laboratory, which is always too short in the average school curriculum, 
and usually so even in the University. In both Botany and Zoology the execution 
of practical work is often long and difficult, but the time taken can be cut down, and 
the value derived from the dissection or preparation increased enormously when the 
student, by the aid of a well-labelled drawing, can see what to look for. Miss Jep- 
son’s work collects together, in a convenient form, actual drawings of her own 
preparations, which are realistic and not diagrammatic. 

A criticism often levelled against the production of such drawings is that it 
provides the lazy pupil with something that can be copied, and the actual dissection 
maybe done not at all. This is admittedly so, but pupils of that level will always be 
with us, from the preparatory school up to the post-graduate. They cannot and 
should not be considered. In any case, these drawings of Miss Jepson’s, taken as 
they are from actual dissections, would be difficult to memorize. They are not 
diagrams which can be remembered easily in a perfectly unintelligent manner. 
They provide simple drawings which the good student can have by him when he is 
carrying out his practical work, and by their excellence, provide him with a clear-cut 
key to the structures and arrangements he is expected to find in his practical work. 

H. GRAHAM CANNON. 
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LNTQMOPHtLV - IK6E.CT PQlliNRTiOW . I 

Pollinating (dq&uteP " 

From Ike point of View of pollinator? , the classification cf msecfe, (“3 based 
Upon he lenglk of the Sucking tongue or proboscis 
Kotpgi and butterflies have a very long proboscis , so that (hey rarely alight oattvl flower, luh'ile 

Seeking nectar . Ike flowers have no alighting platforrn ( and 

the tssential argons protrude. 

f^oltts are night - -lying arid are attracted particularly by yellow floWejp*. ( Lkicty 
usually etudr" a slfonq perfume. at yight. e-q. Honey suckle, , kveaiug Prim rose etc, 
foutter flies most frequently visit Yed curd wt(ile f to were. eg. finks. 

6ees, and Wasps have a fairly long proboscis , cue relatively heavy wheels , and 

therefore always alight* on to the jloWex. Ike latter is provided 

Willy ary alighting platform. 

6ees appear to be particularly fond of blue flowers. eg. Nloakshood. 

Wasps have a preference for bronze. Colours - s-g- Hgwort. 

flies 1he.se have a very ‘shod proboscis , and Vis’d large open ftoWevs , Small 

tubular flowers , as well as many capitula , Corymbs and tun bets . 
ikey are attracted by dirty Colour and foetid odour e.g. HerrylocK , tv pile 
Some flowers are tspecially adapted for pollination by flies . t.q. Wild fWm. 

beetles fee insects do not Possess o proboscis , but Visit open (towers, Cap data eld. 

probably t|ecling polkiyal-ia'n dunhg their wandexiergs ■ eg. Sunfowec. 

feEE. Head -feVrW toj kad - front vi*W, 

MOTH. Head - front vie W Proboscis faded back 

offer Parker and HasWell. 

\~llnlennu 

—Compound eye. 


Labial 

palp. 

Untenna 


Proboscis 


foUTTEUFUV . 

Head - Sick. View 
Robosas coiled 

beneath lit head. 


ftobosc 




Proboscis* crjended. 

from borradaile 
a^ter 
cViesfevs. 


Proboscis 


&EE. Head - front view 

rVoboscia folded back 


Combou-nd 

tye 




FLY, plead - Side VieW 
Acifenaae-N J 




Eye { compound) 
Proboscis 
Proboscis [3 ad. 


ivfW.W^ 



INGEGT PQLLlNRtiQK - GPEC1RL RDRPfnTiQMe 

R qe«er (x\ Survey °f Sato mo ph ilo u«> {(ovVers indicates* limt as tKe structure, of tile 
-floWer becomes mare elaborate \rf adaptation to pollinaliorf by $om£ particular acjeat 
tke m.ore certain is itk polliyatinq process. 

Ou Ike otker barrel , Suck {lowers art limited wittf regard to "choice" a{ insect 
Visitors , k tills Ike, less modi peel and open {lowers Suck as rose are likely lb 
be pollinated by any one o{ llte usual agents. 

ULIRCEFE - YUCCR 


dot log^iludinavly ' 
ketptad 

Ovary - 
statnais 



crprifqurcefE 

nkis flowev is pollinated by tke Vucca Koltj . / I 
"ike -female {lies Jiotn flower to {lowex , ( 
v . CjalWmq polka and rollidq it into a | p 
\V kuqe ball. Finally, ske lays ker sqqs \\\ 

>x * itt ike ovary of aaoltwjr flovu<y. 

\ aad l tout deposits Ike ball 
°f Rollexr o« to fe. Strata ////' Startup 
I ')/w °t ^ Santt r ov,(£ *) //^Corolla 
1 pressuxq il‘ mmly into 

Ike pit. . 

f ( /7 ifu’s association of flower 'afs-new ovory. 
i V/ and m.oKt ttuqklr bertqaidtd 

as symbiotic , becau.se on ike oat kand 
fcxtilisaViba df tfie ovules is oalam, and 
cm Ike after , am pit -pad is provided pi Ike 
divelopwi larvae. 


i I' 


HQHE-YGUCKVX . 

Pollinated by Ike loaq- toaqa 
PoviV HawK m.olk . 
ike buds axe Ccecir, and (i<£ 
opal aV niqttV. it-ty qtadu 
assume ike cWracter 
horizontal position 
It is pratandrouS and 
Stujnta yfe stage lk 

flower is pale , baV itt ike lc 
•female stage. (Foe colour deepens. 

Honeysuckle - Cud lonaitudigc 


RKrRYLLIDRCEFE - T)flFFOPlL . 

//lP\ N Corona - tubular 

Penantk leaves, / M! ] \\ n * ^ odgrowft from 

S» : . Ike p&ciaalk . 




Stigma 


Stamens rd 
versatile an tke 


Ddftodil - (Cab lokdiludiqally 
duanft leaves . 


rpmbrautoiJS 1 
brad: or 


"the Daffodil kas a large 
Corona Wkick is an 
outqrovltk from the- 
perianth . IVeddr ft 
'Secreted by qlands in 
tke lop of Ike e-epla of tke inferior 

ovary. Altfiauqh tke corona is so laxqe, 

Ike ntdajc is not stolen b^ Scqall iosedts 
btcau.se they are e^ediVely excluded ' 
by tke {ilamenle tke stamens 
adkeruiq close to tke ovaxy. 

Tkis {lower is pollinated by tke 
tiarnble - bee , Vvtiereas Ike closely 
rilaled Pkeasan.t-n.ye fWdssas 
is pollicicded by Pjo Iks . 



Corona- tubular 
i oulqrorrlk from 
tke peuanlk 




h.w.k.y 
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1N6ELCT PQLLtNRTiON - 5P&-ORL RPRFfRTlONfr . 
PRltnuLRC^. - PRIMROSE ^ ^ a , M ^ 4 « MUi 

tYernal FeaUrtS . X — Yv "T" Y"-= produced , Ifa. bang m fee 

''A-w\>J'//, /- ; Y retains lengths of % tsstyTml organ’s^ 
_. _ >a special device knowif as Hdeostyly . 
Nectar is secreted around fee bast of fee ovary 

I ( l ^ ^ a %A >• a • . ■ i a 1 1 _ - n/t ^ ifJ t/i & - - 


Gamopdalous 


Cabals stigma- 


(hamo&epalous 

Cafe* 



CoioHa- 
Capilale sterna 

Corolla tube 
Epiptfalous stamens 
Gamosepalous Cal^- 

style. 

Ovary wilft- 
|iet- Central placentalioy 
iteceplacie— 
fedicel 


Ike lavyer pollen grains , lecemed from fee ferum- 
£yed by fee bass of Ills. proboscis , will be ai a 
Suitable level (or effecting fee pollination o( fee 
pin- eyed stigma 

On fee ofeer hand , fee amalla (Oollstt grains, 
received by ills middle of tits. brobosc.Cs -(tow fee 
Oili-eyed, Will be af a suitable level for depositmia 
Upon Itte ' thram-fcM'b/ps- Gdr lonfeWllnalW 
S>wjma of fee " "" 


(ltd ifiram-eyed, 
Visited by fee bet. . 


LECiUMlNOePE. 

kxkmal features 

fijstrrior pda! 
or 

Slarid aid 



- 5WE.E .T PER 

f\ jyqa morph 4 - perigynous jiowsr , pollinated by humble bees. 

Wifem fee Keel are fee essential orders , ransiding of fie ox 
v surrounded by I Set diadelpkous stamens Cmne filaiacrds 
Iks posterior one being •free')- Nedar is found between lli 
a nd fee stamens, while Ills style is provided Wifi hairs. 
Wksrr fee insect aligbts, Iks lateral Wings at td Keel are 

depressed arc cl Iks style alone "Truer <32* , Garry ireg Iks 
_ ■ I * iv. 1 • i( r>i* /z\ A t\./ 



■Corolla lube 
.Gpilale stigma 
■Style 

OVary (free central 
placstvIalWd 
Gibs 


"two anterior petals 
joined lb (arm 

fie Keel , wkida 
Contains Iks 
tsssakdl otgane. 

fed Is of tits Corolla 
detached j r, 
todexior petal 
Standard 


Calyv d( 
Sepals. 


Cat lo(74iladkia\\y 
fosWrtbr 
petal 

Loltial 
petal 



Skowirtg 

Iks 

W6\<s 



diteral 
pefeils 

fktsaar peldls Joined 
along fee anWioc 
l&c&A lo form fee 

Jtel. 

m.W.Kl.Y 


pollen sbed by fes slamsns orz fee 
Sklar kaire>. 

Wketi fee stiQtrta strikes fee itisects wider Surface 
poltmatlorc takes place ( lokUe fee 
of fee impact W vss to Sweet Pea 

6Viow^ pollen XSfotti 
hairs of fee etyle on to fee 1 “ 

’insect. ft(Pix- (fee Visit fee , 
r Style reWnsj to its fortnex' 

Catyr of sepals, posfe'otz wifem fee Keel. 

.Posterior ‘staiaen (ret. 

.Gtawen tube 

Mono Car pell ay y ovary. 
y=-ffceeptack. 

"fee eyploske (lowevs of krooni and 
Gorse. , kave a very Small Keel , So feat 
fee essential organs jerK out Suddenly, but 
Itever return to wifem fee Keel. 

In fee pollen (lower of broom , fee stamens are Y>S£al(al QrqactS 

monadelphous (den stamens joined by feeiV (flarnents) ^ stusma 

Ko nectar is produced, So feat fee (lowsr is Visited by ^ - did 
fee insect solely for its pollen, 
ifeeie a<e five shotl and five long slam errs 
Ike short ones deposit 
pollen on fee insects under 
Surface , where t serves as food 
'"fee longer stamens deposit 



fee pollen on Ike uppev _ surface 
Ihis meets fee purpose. 


of poll 


ilrzafibn 



stansns 

^Sfemen lube (ormed 
by nine (used filaments 

&aterio< stamen free far fee 
insertion of fee insects proboscis. 
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INSECT PQLUNfYTlQN 


LR BUTT PC .- ftoWcPoug? (sWtas xiptuiftq fa\) 

■iwo jjosWioY ptfeds 
•fo<m irtq a w<j| 

(kfior 

Ibdobtd sVujoia 

f'ilatrt'irtts oSJ fe. 
didynamous q&pealoijs 
stamens 

fUttXibr bdals forming fee 
aligkVinq platform. ^ 

- Corolla tube % 

Gamasepalous caly* 




SCROPHULPiRlRCE-fT. 

SKftPPRRGOtT 

ita, corolla lube. dj fe ^<30- 
tno<^pVnc. |loWt.< cloatd 
by ao ■ upgrowth from 

fee lower Up- 
(Perso tfde corolla)/ 

llr is only ([, ^Ty> 

siUe to A' 


Gynobasic style- 
6 ico.rpella.ry 
qjnudri locular 


fesWior 

Vlood. 


SPECIAL, FTORPTfiTlONS . 

R zyqomotlpbic -flowed, Dolltcialtd by HumbW - 

bt£& 4t. lotrq« ovstaffoc cotoUa tube. is 
“nVidia w«fi a food fowata {*ocn Ifa. IWo 
posttnoT pttals, Mik tte. has. atttaio'T 
ptTaU jdirti (tee alu^Wq platfovm. 

„ ant- ffiptlalo as stamens are didyctamous 
(two long and two ‘Stlorb) t aad fee style is 
qynobaStc (arising [fom fee base of fee ovay) 
iVeclar is sealed by a disc. ground 
\ fee base of (fe. ovaxy. # 
la jprobmg for aeidojc , fee insect 
brings dowa fee ^sstrtfeal otgaxcs 
ou to As back. 

In fee male ^taqe fee -stigma lobes ewe 
jessed fagefeer , but in Ate later ^male 
stage fee shqma lobes diverge, and fee 
stamens bead Out 



"is only 
accessible to 
$udl inserts 
as Humble- bets^ 
vfeidn ouce ttsavy 
eiougk lo open fee 
fabe * 

Ike stamens 04 e 

didynamous , but Unlike 

fee Ubiofes , fee 
biWpellavy ovary is 
bilocular and taere 
is a terminal sfyje.itce 
aaVtrlar side of trie corolla 
tube \S swollen to stove cledar: ^ 
Ike Coa-slvaction of fee tube 
is responsible -for fee fact 
feat fee sfcjmas and atrfeers 
taove in quick Succession 
against Ike pollinating aqenk 


feuch * like 

ujpqvoWfe 

from fee 
lower lip. 

Corolla tube 


Caly*. 

OaV load\bic\\Vta\\y 


.Posterior hood. 

Sterna 

•itvmiad style 



of fee way. 

GflRDGK 6fl GE 
A Labiate , 
bul wife oaly two 
Stamens . Exudr stamen 
lias a long CoaciectiVe m 
Joining fee sterile and |f//#/j^ 
^dAe aufeer lobes. 

"ike bee probing 
(or atxddr come siafe 
contact wife fee A 
Steide lobe .and 111 
brings (fee |exUle 
lobe down on ife 
back, in fee laler . ^ 

-female stage , fee stigma 
projects to a marked 



(kstariov 
pdals 

6 ifi‘d stigma 

^Fertile lobe of fee 
6tamen . 
Connecriv'e 

1 steak lobe of fee 

Stam^en 

flliqkticrq 
pldfbvm . 


Gy cto bask style. 

Bicarpellowy quadxdocaUr' 
ovary. 

Cat enk 

fl * 5 ccobhn Wtaocous {lowoc wkicH 
FoKGLQVE. dtjposvte pollen on back of mu, 

GxV lQad\fadit7a\W 



Stigma 

Rntfter 

rioney- 
r guides. 
Hairs . 


^Upqrowfe frorr 

fee lower lip 
foucW corttaiainq nectar. 


Pemale stage 



Posterior 

"Sfeaunode 
fSfeale stamen) 

Corolla tube 
Caly* 


Immafoe 
Stamens 

(?vbe or ru alure 
' Stigma.' 


flGWOR4 

Cprawinqs muck Srclarqed) 
ft Scro^hulariaceous flower wk ick is 
prolbqyaoae. (.Gynaectum ripening first) 
1 Wl essential organs occupy 
positions against fee lower lip) ^ 
Successively 

In fee female ‘Stage ilk Vtpe 
'slignifa comes mlo CoddcSf 
fee \nseds uezder Surface, 
wliile vn Ike loAer male stage 
‘Stqm.a VCifeexs , and ttle 

s ocoxpyiceg a sinulav position 

|p o lien on fee Wasps ventral Surface. 


bicarpdary 
bilocular 
ovary 

Swollen 

Oade _ 

jplacenlae Wken young ; fee an (tiers ^tand at nglxk 
angles to fee filaments, bat when ntaUe, few 
stand baraAlck itus probably serves to deposit me 
pollen morek^W.^nidll idseds vrHidi would, steal fee neda> 
ate prevented from ^cifeang by fee Jrne fears. iK$ from 


rAale etage 



fets plant feat fee drug 
Digihxlin & obtained 

Posterior petaU 

Slamiccode (sterile 
stamen) 

ffipe or mature 
Stamens 
Wifeered stigma 
Corolla Tube 



insect Pollination 


SPECIAL- ADAPTATIONS . 
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Rrnunculrceit . 

‘orde VveW . Cu-V lonq i tndiriaWy 

ftstecior sepal 

fosteribr petal- x 
(modified as a rjedaxyt 

Laical Sepals 

Stamens 

(indefinite Humbt/) 

fVpocarpous pistil 

(Collidion of follidttj, 

flateabr sepal 

Anterior petals reduced^, 
lo sea kS 



bf GaWbute ( Rqmlegia ) 

t'rotarrdrou < => . 




Spurred petals 

.Pedicel 


feembraaeaus spu 

posterior - 


Coloured . 

~ Sepals. 

lrtdc|ittile Humber 
of stamens 

Cub Ion q\tudi , a ally 



ike {we sepals axe colored 
Kk'ile' Ike (we 
Sparred petals 
product nectar- 
ike central ‘Stamens 
are sterile, and 
farm a Caiman 

oa Id which fee bee. 
d'nqs duxiaq 
pollination. 


1 

Pro at YitW 
(bstenoY petal 



(tpocaxboos pistil 
^ (follided) 

Jtidtfirtile (lumber 
of stamens 


a\ Kjouks^ood ( RcoqiKun !) , 

Ptotaodrous (stamens tip ext -firsto 
Art irrtquW hqpoq'frtoas ^Vovttx Wife five 
Colored sepals, ike ho posterior petals 
axe modified as qeddrie.'S , white Ike 
feree aailxtoX petals one (reduced to 
“Scales. 

When fee- bet. aliqhte to Cfcl hecta< ; Ike 
Stamens brush %> Under surface . In ike 
latex female staqe Ike sfau-veas cdtl back 
and Ike stiqatas are ‘V.poeed. 

It is from (his plan! feat tu<t polsoitous 
alkaloid - Rcornlike is obtained 


c) Larkspux ( Dtlbhicriont l 
Protandrous . 

f\n wrequlax flower With five 
coloured sepals the, posterior Sepal 
beiaq spurred and Cortlamicrq fee- 
two nectar ~ eeaetircq Apia's of fee 
two postea.br petals. 

Ike seeds axe poisotxoaS 

CidT lorigitkclinatW 

Nem bran ecus ^3ar 

V/, of fee 

posterior sepal. 


Aoney- seaehnq spam 
of fie postexiox pedal • 




Anterior petal 
(flliqbtiaq 


platform'). - 


Ovules. 

Spumed petals 
Qouxcxl • 


VlQLflCElT - V'QL-R Mat- (UtoaqiMmaUv 

ike anterior petal cf fee irrcqular (cyqomarphic) 
flower is prolonqed to form a Spar, in 

Lukick fee neclar- sgcrehaq projections 

of fee two anterior stamens lie. 

Ike stiqma is provided Wife a lid 
kutqed towards Ike base of fee 
flower. Hs fee insect probes for 
J keclar, pollen is deposited into 
- Ike bit from fee insects proboscis 
/On wilkdraWilrq, Wife q fresk Supply 
1 of pollen , Ike lid lb closed and 
Leif - pollination ie prevented.. 


'Jj 

Indifutile rtfumbtr 
o[ si ;am£cxs. 

A^ocavjpouiS ^pvt>U\ 

•[owLles 


Lataral Ipdal 


oul 5 



(Ivml 


1N6E.CT POLLINATION 

front vitvT. 


ePEORL RDRP'fR'T'tQNS. 


Outa antaior IptriaaR tsaf 

Inrttx anterior (xxiaatft Itaf-Ji 
Esssahat organs. 

Oultx lateral 
ptriatiR kaf 


latter (posterior 
ptctaaR kaf o< 

Labtltart 


-Ttwistid inftnor ovary 
Exact 


RRRC£F£- Wild arum 
P roto qy no us (Pistil risers. -ftrsV) 

'/] SluO.ll fll£t> CU%. 

| \ atfracLd by Rt 
Coloured sjpadiV, 
fottirl odour, Octet 
HtcTar produced 
by Rt bass of Rt 
\l ar.lS.'lKty Cxavcd 
\doWct veto fit" 
Aslpafit. Here. fit 
| pollination of fis 
I tifVc fclTtals JloWSrS 

, 4 16 tfftdftd.'fit 
\ downwardly dirsci- 
^ id toute do not 

^ ' ' \J yklktc u.o.td Rt 
Slam t<v.s dpta 
So Rat whin 
Rt wbtete 
cut obit w 
tuaKe. Rtw 
SSCflbt. , .Rt>/ 
art cover ta w\R a 


ORCHlDRCEFE - ORCHID . 

-"Rs flovrtc is twisted Rrough half a Cirdt. ifltCt 
is orttv/ out stacn<ut consisting of two 
Ipofinia wltictr fecrtiwatL in sticky 
discs, and aCt Situaltd in a poud 
ovtrhactgicrg fit apsrtuit Rio Iht 
$bux. 

(ts tue tnssd' alights 

^ aitd piutctats fit 

bollrtcd WeMnt \ Aw 

ff*H N^^dtte^rtd acid ’Y)V l ' 

• l ” vv ^ skek to Itet idtuor 

H*a<d in a vertical fcW —,., 'I 
briiiM. frady political 
Bt«i passes tkvouqk atr . 

aaqte of qo°, so Kar when 
Ike itrteeb aligkfe , ike 
po litre ia , are iVr a 
Suitable IpoSiUort fo strike 
the sfojmatio 6ux[ace 




^tde VisW. 


Outer axttauor 


peaanlk ka{. 


Inriei posterior 
penattrtt ka{ 
or 

Labellam. 


epafe or 
biact — 
fricloeictq 
fe. w^ole 
iyflo^eeceac* 

Sf>a<di* - 
•fleshy extd 
of tee 
main a<is 



£tfcafctT<q ba 

of fe Itdf 



jaers o[ Qrckiej . 
Qm «cti«- teodujg?- 

folltatum- 



Tjowawardly 
'dW^ckd . 
Gfev\e h.at<^ 


•^rce>Vi dot>e pollen. 

^caxltl btia^s a<^ Y-txy injurious 

Corolla Tube. 

I 1 1 u 

Co M Po£> iYfe ~ ^pilyAurn of- <^^|o_ic^l vnanb^ -f GA lon^tWi^cially ) 

Rav oc tigulats- floitts^ ^otdndroas (stacntntv^sn -first t Caly< 

' ' ‘ (pabbw 

of Wt 


wbiclx ax^ 
ftxaaW bud 
stefde . _ 

T)t6C ox tubulox floras 

VvkkcVi are b^xxnabhvodfe 
aezel 

({^jplacle^ 



datrrlrrodtotn • 

.Viejcicl ^ 
di6CE> • 

^tiqtna. 

CorqpoeirFE. 

M W fe malt 

1 Irit iritri 

Statrt^cis eked Ik 
on To (Ke eplar 
braeh He tip (r< 
l 6t\(le. Elotrqal 
<ub^\<xV ^\o<eV ( male sVa^ e) 
lQud\bad.vvial\y 

Corolla Tube 


Katad mak 
flower e of 
Two or more 
ebaaiexre 
Kaktd 'female 
{lowers. 

Cal spalKe 

Disc or fabulatf j loved 

“ Hermajohrodile 



Syrrqeneetous 
Slamere 

l 

Slvflar baW 

x CalyY 
Cp4>pue of ka 


ovary". 

ovale.. 


Slylar Ha 


:oi<s) 

kfertor w 

ovary 


- Involucre 

Should ao^e • polkkati6r7 |ad, ikeeldqmQ 
lobes Carl back trtlb Ike Slylar ka(rs , ikuS 
Commq lato cotildcb wvtk ike (Oollerz of Ike same 
{lower N t)o ikal Self - pollirrakorr takes place. 


In Ike female dfaqe 
ike ‘Style llortqaJUs &if(d 

aad carrier up ttxe ^ ? * " 

bip.*d shqma , 

^ Vvkick oj^exie attd 
ey.|poeee> \ls lobes to tkelfl 
nevJr irtsecd visilor'. ||| 
bg. fly. 








RR NORMRL MODES of MuTKlTipN EPIPHYTE^, SEMI -PRRFlSlffcS RNp PflRnSrfeS . £ 

ORCHID - ep'fcfli . HfetleTofc fViScawTl Sfrgi - ftetmsde 


DODDER (CuSCuta) focaaite. . 

Dod<W 16 charadetislic in rttod ■■ 
Co it is a climber 
(Z) it attaches ifeelf 


\xa 

ViosSr. 


$few of (ne x 
parasAe , which 
harks in colour / 
btfeea yelloW (j 

Oai \<cA. 


dual** of 

jpvtiK T)oddtf 




ifie stem of [fit kost. 
t3) It possesses tio tools 
ict ike mature Condition 


thayamrqakc lortgaudu 
Section dj Host, aa<T ~ 
Imnsveas StcW of 
Doddt* plant . 


VaSCuW 

6frattd 
of koslr. 

n \i 


» 



feeble 

VdSCulatf 

fe^ue of parasite 
Stem of paras de 


Hau^toxuJra or 
Sucker df fivo 
parasite, attacked 
(& rtte phloem dentals 
of Ike bosh 



Many tropical 
orchids aa 
unable to qi'oW 
on tke ground, 
OWirtg to lack of 
light. ike seeds 
tKve(We, 

a tali ih (Re 
Occam ulaks 
. lit the Cttvictfejri lRt 
\baxk of trees. ike 
aoual fools absorb 
fHoi^butfc "hom (he humid 
atmosphere. 


Unlike paras&s/ it Aev^lops cWotobWll. 

ike chief hoste are Apple and Hawihora: 
ike berries axe very shcKy and (Re 
seeds adhere^ to Ike beaks of birds. In 
order to remove (Re 
Seeds 
Ike 
birds 

Tab (ftek beaks 
Vigorously in we 
orevvc.es of (Re baxK,, 
So deposing (Re Sods 
| Hod J in a ‘Swtable position 

branch- j 'jo* germiuahng. 

9u<d;e<.(\l Kittle toe being green 

probably 
manufacture* 


looTHWoRf ' (LatRrcEa ) 
Paxasite, 



DiacKammalic Itaasv^g. . . 

Section of Aost and longitudinal 
Sectiok of DoddteT "^ 

VasaxW of (Re Host - 

Stands . • 

of Host 7 F \ ^>HaustoriOrn o< 

btaat, / /j^' v 'v*.yv \ SucKer attached 

“ To Itfc. bhlotnt 
no$F 


Fttbk. 

VtocuW 
l&ut of lK<c. 
paxas'il*,. 

BftooMRRpE (Ovobatrcta) 

^QSlfe . 

Atrial shoot bearing 
Scale leaves- 

Rrooniralpe is very similar Id 
looiKwo^r \n \\e \iab\fe, bujr 
irnkke tflose c^lbotEtwou nai 
Dodder,, «ts seeds -jcul to 
c^mvaxue aalesi (Key 
ate in Contact WvlR a 
Suitable, host. 

In l)oddec (ke seed^ 
CJttqvnatc Vtottnaily and 
Ike seedkngs pTodded 
Wdk voofs^ -{(oaxvsVi 
if iRey come info 
contaa Wv\?i a 
Su!vbatole KosV. 


D erase ale\y arrange 
-flesky leaves on 
aitdtrq round ste*<i 


flerval ekoot. 
Scale leaves. 




\ a Cfvtairt 

- toouat of 

-food (na^edal, obtain^ Ike 
necessary salt’s -from the Kosh. 

Diagraramatic. Urrcjiludvhal 
StcVioa of loolkwoxt 
leaf, which is btak 
ovev , So a$ to end i 
a. c.Viatnbe< • 

•Walec glare As 
^roagh whicVi excess 
vTalev is evaded , no 
aeuai transpvtaTvon Sor-face 
btvkq present". Smalt msedis 
are freyiJLiatly {oun.d m ike 
leaf ckatabev. \r tnay be ikat 
ike brocWds of decay are, 
n absorbed . 



ose. 


— pibroas roots Kraurratircg 
wkveh are alkached fo flke 
roots of ihe dost. £.g BeecVi , 


in Suckers 
rta*7cel etc. 


RRFFLE51B .StasilL 


"rtti'S blartl - i?> a 
narive o\ Malaya and is 


PcKaSitc on Vlrits. 'Ifts bayQSilic^!^®«iSi^^^<tti»«8S^*“ 
tfabd is so established fhal" (Re whok V^gsrari'/s Dati u 
Vedut-cd lb tht mi'qimarrt " " k " 4 h-/ l "'‘‘ 

ov IfaiisVoviijra. La^ 
winch wtx*a (a^y often 


■ FloWa bad. 

rdfound toot 
of host: 


Ihe Rafflesia |(owe< 

rqest 1 trt (Fie 


ExpcstA root - 
r of tost— 



ls> btobably the 
l, measuring 


World, l^easatiRij 
tieaxly one yard ih 
diairieler' , artd 
, WeiahiRq abodr . 
-ftfretrt pounds . If 
' ?ati\s aa oftetsWe. 

o 4 oil<. 


Chatadetisl'ics of &tasihs 

1. Mo dtlOTOpnylh is developed. 

1. Orqaaic comxechon bdweea patasde. and host 
5. ReducW of veqerarive parls, accord idq to Ine deqrte of pataSiFu 
4. FVolific Yepvoducrior?. ^ ^ ^ ^ 


‘tsm. 




8 fl&NQRMHL MOftES OF NUTRITION - CflRNlVQROU 6 PLRMT 6 . 


Entire. (jlanh 



^UKPiLVf 

"Iks dob- shaJitA fen lacks stcrtls a 
WZ/Ji?' (Uud which is atttacSiVs To [Iks • 

||fPg2- Mw a fty 


U[sp« gat [‘ace of fe [fcgf , 


PootK( dsYtloipsA 
-f ib<ou<c> tools 


VE-NUG FLY- TRAP 
( DiqtiflE.R’ ) 

Uf 3 [KX WfacTo(" 
tks- W | is 
provided 

qlacids V(\ucVi Stasis 
Iks d(<^WrS- 

Mi 



Phyllods o<, 
wine]- liKfc 
ix(pcw 6 ioq df 
fits pdioW 
takidt canids 
aa Iks bhoksyavaskc 
WavK. 



akgWs 'k sticks 
to tfis statlion 
dftfjt tlntacks.. 

In its <indsaVOuX to 
, tseaps ii* sltmulalss Iks. 

moystrisfll <£ % featactss 
Yfkick kaaltt^ clost oysj( u. 

Iks Stadfioa is tti«i ckatfgsd 
to that of a diqssWs 
\cYmtcil, Y/Viiek acts uboc? 

Iks Soft pws of Iks 
Wssct. Rffec Iks |b«ocsss 
of absoxbtibi7 tks kavss 
opsn and tks xscnaids 
ans cast to Iks Wind . 


Side visw of kaf . 



isitadss 
irtg 

SfimulatVotT 


/y> r CrnUroj undo' 




Lonqsx 
fedadts on (Ik 
Sdqs. 


Pe\io\i gradual 
tnesqiqa into 
blads 

button wort (pwquicjjlfT) 


Jjiaqrcun ‘shoving (he 

T 5 

’c 2 P 


QCTQSS 


Toothed marquis 

yw Rk tea?* which 

X ^ vl infect 

whin 

cloud. 


Ihe radical leaves 
Have uprolkd 
while Ihe Suj|ace (fie 
leaf & very qriaw. 

Whin (Kt insect 
alights on this qteasy 
siufoce \fe movement's 
to and "fro’ sbimulade N 

the Sli^iVwe _ 

hairs, and bang abouA fie rolling 
^ * inwards of the edge! ot flat )la^ 
and me eutcahptfq fie mew 



iDtx Suxface 
<f IfoJkaf 
which 
absorbs 
(hi digested 
^ood. 


C 

Jointed 
hairs 

which whin 

touched cause fie . 
kaves to cloii. Jownag 
aq elective Rap • 

Pitch elk gywr 

( NELPENTH£ 6 ^ 


Stuall . 
pibrous voo\|l. 



k'’| Claad^ # secrete 
/W adiqesWe emo/me 
/ and the. products 
diqisuoq are 
absorbed. 

Pfterwaxds fie 

leaves ul<zcoU - 



BLrdP£.k wmr ( utricu ur k\ 

I s 

Filartitaloul 

‘SVloofe — 


Homv/ 

rirn 

biniath 
which a<t J 
Situated 

tfe. 
honey 

jland s/| 


Kottted ana , 

Sudd ol ^ Rt. jpitdiiY ; # , .. jpr- 

whidi vvitft thi homy qlatidi , sewi^ to 
attxaci ‘in^e^-V Yi6\tb<6 . 



liladdsKr 


Pilamialous 
rialu'Ci of fin ihooV 
which ii character" 
// istic- Watec ptaczls . 



Wheel 
lifted ^rocr 
fii qrouo 
fie liave^ 
bend 
Sharply 
back- 
wards. 


Trior to stiiqulahotx 
the bladder is ii 
a collated 
couddibq. When 
the eicii’itv'e. 
hairs are touchi 
^ilke valve opens 
iqwards ; raDidly 
write a tssulhcug 
Wafer 
Small 


r (osihoq , 
of fce slide 
' toae.. 

. base of 
the pitcher 
in which 
walsc cotlicis • 


lorghudmal ^tdioa of bladder . 
Vatee wV]ich only 
Osiris iciwords 



Absorptive 

or^ods'^ 

Wall of 
bladder 


SerrsihVe hairs . 


iqrasV[ 0 
Cbdaiciid 
aqiaial lift . 

- Tie bodies'^ 
Ihe latter may 
be acted upoa 
bw di^lsttVe Juices, 
or jkiy n\ay be 
decomposed by 
fcacTtrial action 
and the product 
of decay absorbs 
by the cxbsorptV 
orqarn>, in whidr 
a&e Ihe plant* raighl* 
be reloaded as a 
badU\ Sabro DUyte. . . 

^ T V W MX 



RfrhORMRL MODELS OF NUTRlTlOhl - SAPROPHYTIC - SYMB 10616 . 


' 


Y ellow e>iRp's> nest ( Mokotropr ^ 

"This plant which in habile bttch- 
Woods is guift dtvoid of cHloro- 
Dhyil. It is satweAy d£p£«dsnt,%rs.- 
•ort, u{) cm fit organic Substaacs. 

L fa ih t Soil , which iT ittswss 
by tataris Of a Saprophytic. 

{unqus 

laity makts \fe 
way into Iht cdis of tht. 
und^qroacud part's of fe 
highs* plant. Ifit -fret scids 
of flit -fungus ramify between 
Int Soil jo articles , absorbing 
Ifit organic material and 
passing it on |o Ifit plant. 

Itiis association of higher 
plant and fungus it Known at a 
a) MycorrhtXa. 



MUSHROOM iht underground mycelium consisting of 
( RGRRlCUSO hyphal threads absorbs the organic sub- 
stance from the Soil , on which fie 
' “ plant is entirely dependent. 

1 Ihe fructification is fe. 
overground structure . and it 
^Comprised of slips and pileus. 
Arranged radially beneath %. piltas 
are Ihe gills or lamella., which 
aie covered with The reproductive 
cells at Spores 


Mycelium . 



6lKdS NE&T OflCHiO ( fVE.QTtl FQ 
Iran sveyse Section of Root 
showing endotroptuc. t^corthtea . 

Starch storage 
i<l the irCcuex' 
Y.‘\^>03vVica\ Gdls 
^gtRoAudr.of-ihe 

aiaesYioa oy 



sym Btoeie 

b) LeflutninouS Root* Nodal^ • 

bacillus mdicicola . 
SecUoVi trough the nodule 
[Nodules. 


Gills ox lamella^ 

Slip 

. « 
ffyceliucti 





fungal .threads 
lafacF 


fungus undergo^ 
digestion by the* ctlU" 
of m higher ]p\cxnV. 




c) LiCHEKb £<3. Pdtigerd. 
VerTical section of "lhallus . 


6aclWa. make 
th *k y(Ol'I into ike Yools 
Ifiroa^Vt Ike fool: 
hoitx&. Wife Ike root 



Hyphal 
threads 
Greetf cells 
(fllgae) 


Ike association between Ike # 
kqher plant* and the /fungus is 
)rob<xbW a symbiotic oge, fees, 
ke tagW joWh can by this 
means ufthse Ike organic 6ub- 
Sftaaoe 0 ^ Ike soil , while Ike 
lower blardr \<i xebujra receives 
skelter 


Deruki^ifiq feadexia 
(!) venture oxygen, bat 
TTob necessarvly 
atmospheric. . ifiey cjef 
KTeiV supply by breaking 
down nitrates. 


cells they increase rabidly, (ke ftssue 0^ 
ike higher plant becoming swollen and 
' distorted aad So {oxminq the nodule. 

Ike (baclexia change Ike gaseous ri«troqen into a 
Combined -form f which can be utilised by (He qCeetf 
blank In return Ihe ftacWa cue provided wifi shelter 
as well as carbon aceous |ood^ ike latter ocauxiac^ it 
lara-s. qaarthte Wife the Tubexcle cells. On fie deahn 
of the Uquminous plattlr, the bacteria make tkelr rxay 
back into Ihe Soil, while the easoiaq decay tke \)\osi[ 
adds to fe kitxole Content* of Ike Soil. Hence the ikibovrance 
0^ Lggujn.ln.oa 5 plaals in ike VotaVvon o^ cxops. 

CtRCULRTtOK OF NlTRQGELN IN NRTORL 

NlTRRTES 


PROfllOS and 
PR^TOPufleM i 
(Rrtunal aad pianr) 


(by Ikis aseoaalricJcT jke [ickeas 
are able to live in Sitacdions 
where neifie< Fanqus (lor Riga 
coaid ikrive alorte. 

ihe Fanqas protest's 
Ike ftlqa. ^nd obtains nvoistar^ 
while Ihe Riga, by virfue ^ \fe 
ckloxo^kvjd can build ujp organic, 
subdance-, the latter conWiba- 
tmq to the |bod the 
fang us. 




(\\) remain ackve, in ihe (jreseaoe 
of organic, material. 



RTHoePHaRlC 

NITROGEN 



Kirr\f\|ika foacteria 
(i) must have 
atmospheric, oxygen. 


Ob Cease to be adwe. 
\h Ihe t presence o[ organic, 
material . 


MW. M. <T. 


(iiij (artly rispoasible {or replenishing 
hiltale mailer. 



io. the, plant in a^LATioK To rfs water supply, - osmosis - Root pressure. 


fiackvAtoi' 
SfctdUrlQ “ 


Cotton ' A 
Wool .-^T 


Glaw 

lubt 



£.A|pt<(CUtate. to TtoW (hat Cjtx{axcl 
tltmtafe axt uic.£Ssa<Y -for tfe 

ttoftnai tlultikog o|~ flat plaat , 


E^lpifl’nrvt.nV to dtjtiort&hafe. Osmosis (pnt- sidtd di^uslorf 

A 6 


Tit ncwmai Culfet. solution 
ptovidts all frit, femtnls — 

lvcwt, H'/dioqtcz, Oi.v< 3 trt,KitVo^trl ) ftios- 

“ pliovu-s, SulpW , rotaSJubm, Magats'iocii, 
and calo’ota in frit, CovitfiV piopcT- 
ion.6. Ofe* So lui (.0(16 are. madt ( jm«l 
W Vida out d\ fest tlttntnls is 
Qimfftd . -Tie qrovMiti o^SteAWj6(wilft 
little food it6er\fe) id Such SoluKoas, 
shows art com paxisoa tfte tfrtcJr 
abort growth a!J frit Vauous ssswiW 
diiuaife id the Cuitvat SoluKortS. 

Tie Jaxs ewe. |visV viastd vfdfi 
Commercial Wit<ic- acid \q ocdtx 
to stedlise Ifem. flffex washing 
With wafer to rtmoNe Ife acidify, 
Ifiw are foiiaily ttcvssd With dis- 
TiU waT«. 71 7 

Tit. tmdalt hale in fie code holds the 
olaor, while. the Iwo Suit- holts contain 
Tubing plugged Witf? cotton wool. 


OridiUol 

Iwd. 


Ordinal... 

\m\. 


tese tubes ours used . for replenishing 
fits Solution as fee kite* is absorbed. 


Watar^ — 


lo demon dirale foot pressure 
bv rn.tja.as of a Kajaorasfar " 


oil 


Vihen wafer is absorbed 
rapidly it is pumped 
mto the vylem with 
great Vigour, xssult- 
inq fe a forcible, 
upward preseuxe . 

ft tnavravi steal 
is cut off about two 
inches above So\l 
le>fel(a.ndev wafer) 

To ftue stucnb 
about Ihxee. -feet 

of glass lubUq 
is firmly fiv-ed by 
means of rabbe* 
febihq fender wdW) 
Water vs uevb 
pouxed into the tube 
and Covexed wife a 
feia layer of oil to 
prevent evaporation. 

Tie level id the 
tube is marked, 
fee Soil iswafeecb 
and the Whole 
put wife a warai 
place. 

"fee wafex 
id the tube is 
Soon observed 
to be rising* 


<oaqa£ 
Solution 
Semi- 
ptrmeabfe 
membrane 

- To demonstrate Qsmasis by • 
means df two eqjsi 

Iwo eggs axe placed id furly 
sWq Hydrochloric. acid id 
order to dissolve the shell. 

After this process has beey 
accomplished, the eggs axe- 
removed and one is placed 
into wafer and the ofex \nlo 
s\Vonq CboUC Soludioci. 

both ^ga^ axe left fox oqe 
daf and tfea f^arnri aed. 

'the one id Wafer is about 
twice il*s former Siz^e., while 
the Cover mq tnembxaqe is as 
Tesisfertb as a dux*? owing 
lo the absorption of much 
Wafer, 

*lFue id Salt Eolation 

has diminished Considerably 
id S\k.e and (S habby to the 
touch , & condition which 



fed 

ecp«irt\ed 


Ifie moafe .of two tKvstle -funn^s 
are cpxtred vi\\h Pi^cis of bias bladde: 
as Shown in fhe dia^ran? 
ifu’s membrane is semi - ptrraeabl 1 
i.e. with bores latqe enough Eo allov 
the Valiev paxheles of wafer To 
pass through v but Hal large enoug 
To allow (he bigqex particles, 
of (he organic (Sugar) Solution lo 
pass -through- . 

In R the Solution is within 
(he bulb of (he funnel , while wafe 
fills the beak^. 

In 6 Itie Condition rewxss 
Water filing the bulb cf iht funnel, 
while tvve Sugar Soluhon is in the 
behker. . 

Ihe level of the liquid in the 
funnel is marKsd in both cases. 
In fl there is a (fee of the 
liquid «i Ih^e stem ; the Wafe 

J rom the beaher having 
irougW the tnembvane info Ids 
stronger Soluhon-' 

In & there is a drop m 
the level, the Wafer ttavvrq 
passed ouh from the -fennel 
through fee membrane, into 
fee stronger Solution Witfuh 
fee beaker. % 

This one- Sided di(fuSion 
or Osmosis fe brought' about* b 
the Smaller- particles of waler being able lo pass through • 
Ihe pores of fee Semi -permeable membrane, while fee 
larger particles of Ihe organic. Soluhon cannot do *5o. 

POTATO QSKQMLT&V 

Kelfioa of demonstvatinci osmosis . 

R washed, potato 
is cut across lo form a base. 


Uvd affo 
E^p^inifcnt 



Waftr 7 



Su^ax- 

&oiution 

i 


/ z 


Ihe opposite ,ead is similarly 
Trealed , but in addition has 
a cavity Cat into if almost 
to the base 

Ihe peel is removed from 
about one mah above the 
. base . 

lato the cavity strong sugar 
Solution is placed, and fee whole then put into a 
ftouqh of water as show q ia fee diagram. 

flffev a time fee liquid in the cavity fe seen to have rise 
osmosis having Taken place,. 

When a boiled paialb is heated Similarly, 
osmosis does? uof take place. 


results from loss, ft6SQRfthOH QF Rnp MusteftftU &^hfe 6 n Td^ FLBbtT 

Qlfrtaa^ frit cdu,lo5>£- OjaW o[ ffit (oqV Viaw v6 flW Cv/te^la&mvc. \mnq is sam'-btirtneaUe 

SolkaVtoall CY(o|jlasu-i Coushlu-kes a Siml-^smgaU-c. (n-smbrane.VltuW (Fu?. allows Ife. (Da^sa^i 

cf iDaltr In bolk , flat neV (loio 16^°^ ^ Koot T Ofesisa Uialtr coactalrAoo (\n Int 

So A) ko lt\al' 4 ftS6 Ulalkx Coactot^otioo (Jn fe C T), 

Y?€ulWi^ oqe-Sidlttd Tif^asioo 'S Kiao^rZ ^ Q5H0SIS . ^ 

Tit mintral -jVom llat Soil gain £nWci ia Tfit -jorca o| S-leelijcall^ - claa^eT. paTcdts or 
Ipigg) 'MKick uoV only past frvoa^W flat cellulose lwa.ll balralso fcfoagli lAit iaWste. b\ fe . 



iHt PLANT IK ReLftTlOK To ITS WfTf£R SUPPLY - ^RfiKSPlRFrCtOK. 


/( 


Calcium 

Chloride- 




._Wafe*_. 


1o show (hat ^anspiralion 
• i^> cotnb^^h^ with a ■ 
physical ph^om^^or?. 

Itie shoot used fot this 
ixpeiunent must be cal" 

Under Wafer, fcoth long 
tubes cue filled With wafer 
and inverted into ffircary. 

Pis (he plant transpires, 
water 16 absorbed ,aud ’its 
place is Taken by the I'ltrcacy 
wluch as a result rises ub 
[Re tu.be. 

Plaster fous is 
6ubeti\uted for the plant ici 
the second tube.lhe Sot^t, 
being porous » alloWs Trie 
EVapotawby of Water, and 
Ifie resulting 6ucKon Causes, 
the Kerax<Y To use up the tube 


" to ehow that a foofe-d pUnl - Iraqsjpk'cs • 

"fas. sod tci bolh ^\ant pots is covaftd vi'iKt TubW< 
Shttlictq, and a 'rts'iglvt.ci amount Calauiu CkWtfU 
li placed ande^ £ae-h bt\l jaX, and IBs, whole left [ov 
twenty - (ouy Kckus. 

ins incttase. «t iHs W^ht of (fie. 
Calcium Chloride of the control £> is due ta a change- in the 
atmospheric Conditions r 

IP fate difference, is eubwacred yora 
the difference in he- weight* of the Calcium chlaude. 
ir\ the result will be the amount of moisture given 
off by he plant during ftanspicatiocf . 


A PQTQMfXflcT^ is aa instrument which measures 
the rate oT transpiration in a fea^y shoot . 

ft dually , he Potbmefer measures the rate of absorjptorj 
bud \t* is assumed here: hat this bears a very close 

relation stnp to he rate of tracts pirahoq. 

"Ihe appaxatus is completely filled With Water, and the 
leafy shoot used is an under Water just before ’Jr is 
required, fls the Water \e absorbed, air inters air X 
and is observed as a bubble travelling along ihe 
graduated lube. E>y this means he amount of Water 
absorbed can be 'measured fts the bubble ah pr caches 
(\ } (Fie Pap is Turned and water from & quickly fills he 
graduated tu.be again , so (hat tne experiment: may be 
epealed Without disturbing he apparatus. 

ifie fotometer may be used to compare he rates of 
transpiration between an evergreen and deciduous 
ehoot as well as in the same shoot, at varying temperatures. 



r-r^F 


1o demonstrate the presence of 
Hydathodes or water stomata . 


fllY^y^ 



Experiments lb show that more Water ie given off 
from the under Surface of a dorsiventrat leaf . 

a )Two eicmlav dorsi ventral leaves ft and 6, have 
heir upper Surfaces # vaeetiaed. fl has he 
undex Surface vaselined oe> well. 

fcoth are then hung in a Warm room. 

FI remains quite fWh while & soon shows 
‘Signs of witting , because in The latter he 
sWatal apertures are Uncovered, and 
Water is given off freely in the process 
df transpiration. 


b) Pieces of filter paper are plaeed 
m Cobalt chloride solution and allowed to dry , when 
they assume a blue colour. 

Dor si ventral leaves are detached from a well Watered 
plant, and placed flat onto a eked* of paper, one half 
with Iheir upper Surfaces uppermost, and tne remaining 
half With 1hei< lower Surfaces uppermost. 

Over each leaf is placed apiece of Cobalt chloride, 
paper, and over the whole a piece of glass to prevent* 
access of damp au. "the chloride pap ere over the 
lower Surfaces Soon turn pink. showing the presence of 

\ moisture. 



Ihe flask is half filled With water, and when 
detached is boiled. While vapour ‘Still fills the 
flask, the latter is replaced as !a the figure. 

Condensation of Water results in reduced 
pressure, which Culminates ih a Suction, draw- 
ing in fust air and then water by way of the 
leaf.dhis wafer \s seen to collect in drops at 
tfte ends of the main Veins at the leaf margin. 




j£ iH£ PlBN'T in RhURTiOM TO rfe GUPPlY OF WFVTH.R RND RtR . 



1o demonstrate the greater (low of -water through 
• Anflio^perm than Gymno sperm Wood . 

fli lilt -fret tads of the tubes ftnqiosjpucu and GYmuosperm 
rwujs cure- -finny {lied bv means of rubber tubing, 
fill the ‘teased Surfaces , With the exception of the. Cut <crtd 
cue Coveted With melted paraffin wax., in order to close up (Fie 
lenKctlfe. Ihe WU of the twigs ate allowed to dip under 
Water. Ihe {lash is then detached , half filled With water Wh 
fe boilfcd fot Two miauls . Yfete Yapoux 6htt ills tat {la$>k , tfv 

latter is replaced, as £>Wfl in the diagram- 

Condensation of the VaJpaur leads to reduced Jpressw 
while the resulhnq Suction causes the Watt* to Use in 

both limbs cf the tubing . , , ^ .. ^ 

Although the suchon is equal on born Sides, the 

column of water rising above the Angiosperm Wood is 
qreater than that over the G^maosiperm wood , So 

showing that the structure. of the ftngio speim is Such 

as to allow more rapid flow. 


PQRQMEiTLR - fln instrument which demonstrate- 
the change m the width of the stomata! aperture . 


jo -show lhat the X-ylett? or Wood is alone responsible. -for 
Ihe conduction of water 

a) lake. a teaf'j branch and ring it- ie. remove alt 
tissues oidside the )u/lem or Wood . 'then place. 

'it: into woTer and leave t for twenty - four hours, 
hi (he e\d of (fns time , the leaves are quite -nesVi 
So proving 11101: Iheq have an ample Suppk/ cf Water. 

b) Dip the end of a leafvj twiq into melted butter or 
Wax., After the latter has solidified , place the twig 
with a Similar one in water, "the leaves df the 
latter remain -fresh , white those df the -former Wither 
because the wood vessels axe plugged With, -fat. 

c) . Young seedlings, e.g. Vegetable Marrow, are Placed 
red inK- When sections of the main av-is are cut the 
following day, <1: is observed lhat each Vessel of the 
x'ftem is stamed with ink- 

ho show the Communication between the interior of the 



, Ckp 


6y mtaaG 
of a PoXamGfef 
bo fcfftd of 
Light and 
femptiafeft 
Gdu bt Compand. £ 


y(dkx 


Vtat«- 



The qlofts -jima d 

b \<p ajDpU^d Stcuxt- 
ly to bo undsjf 
Guxfact of fife ka? 
wkieh is m\ attach 
lb fit plant, wHik 
bo <aid of tab^C ft' 
placed undex Wafer. 

Ifft dip at ft is ajxntd acid 
si Lchoa applfed w/itti bo ftSuJt teal 
Water up febeC. Tte clip is 1 
cloGtd, ajW vduch bo fev/d w 
" i(\ C low us , bccaust Ifte <a 
GnfcxirKj Itft Isa^ by rite stoiu 
li KSpcmskbte jor ths, incfto 
press uxft on ffft Column n bf 
Watac \«i C. 


acid rite outside aVcnosph^K^ by ffVc&ti6 of* Aft 6tomafe.& 


Ivvo 6imila< tub<&, b<yte Iwict. at 
Yiqktaaql^ 1 av<c fitted at itteiv jW 
tyick with adobe* tubing, latte* 
fixes IWo Siaivlax' l-cA^y shoots - 
H kaviaq ttit upp^ sua{act of (Kt 
<to<s\VGufva\ teaves vaseka^d, and 
16 - andsjr fln iqual 

Yd lam ^ df KaRx is placed ca boft 
fab < cjS» aboYe- shoofe. 'ifft-jlaGk 

ft dsdaciWd.aad tr^attd as irr 
aboY^b ^pGrimixit 
Coad^cisaUocr of lh<L ysaT^x 
vafOoux^ ft X‘c6poci6vb\^ -Jot iht 
tedaCdcxd pvessux^ , wVucVi KSulfe w ' 
fa a ^>uctio<7 aiw, ttivoaqh (he 
water \a fabs^ f\, 'JVom (Re out - 
sick, atcnoebboc^ , by way of 

a Vo ra aVa\ ap ex tar^ • 0\ 

In fo, no aoc bubW'ts appear 
as lh<o stocnatal aP^ViacG aft 
id Hus Cast., K tecKtd . 



To ehoW Iht close cona schott bttWt^rr 
fftfc stomatal apertbU^6 and fe ~ 
iattxctllul^ Gpact^ . 

if euahoct ft 

applied lo Iht 


-fte/c. ^tnd ihe. 
lube air it ^^rxacted 


iLad^" 
YaG^kaed . 


[rocn tftt Jar, and 
ifift is replaced ( 
by Ifft outside. 
d\< which tttltrs 
by (tft syomatai 
aptxVtur^e , and 
after lraYe*5ta4 
lta[ blade 
and eTalk , Can 
be obeyed babbbncj Inrougn Ine. 
wafer- 



E.XP£R\MLHT6 To D£.MC>KSTRfiT£. THC PKQCCSS OF RESPiRFlTiO^ ■ 


/3 


" to dfcroogefcafe- tHaV a blanlf tespwife . 



i\ie tap of foe Rslpv<d£o< 16 luxned on, 
and this 16 tesjpoxtstale {ox flat 
drawing in of aw. 

Ihe latter is depxwed of 
caxboa dioxide , {ixsV passing 
foxouqh Soda We and then 
UmeWaVef. 

flhe jax Cadaminq foe plant 
16 Covered Wifo a black cloth id 
ordex lb jpxevent photosynthesis 
(food maavi^ac.toXt-') taking place, 
while xespixahon continues. 

Cls a result of xesplvahbxj caxbcxt* 
diodde. is given off , and tfus 


Umewafex 




1o eJnaW foal oxygen is takem iri 

vespivahdii . 


flsplxaTov 
Containing wafer . 


=>. aioiiat. is given ( ana itus 
]] is responsible. .{ox foe tfiilkiness 
a of foe Second jav of Limevyalex 


Caustic 
potash . 


Germfoatmg 
peas — 

Md blotting 
pap^LX- 

Plug of 
Cottoq Wool. 



daxiaq 


Caustic. 

potash - 


ivt ptas wi tubi. oxt «.- 
SpUiciq, qivkq out Carboq diavidt 
lilt late ’ft absotbid bv the 
Caustic- potash (KoH), with fe It- 
Suit that that. ft ifcductd pfts- 
swt vduch ft \tspoaft\bW {« 
tfe. suction of Ko H up ttffcTuhfc 
VJtita this Has (tcchtd its 
tua.vc.ku«i tVciqht, add cxvstata of 
fxftaqalUc. add to flat potash , so 
as to -W p'jtoqallati of potash, 
•'this absofos aaq ovqqfat avail - 
abk, but os no ^JtlhfU use taKss 
ptacs.ih ht tubs, no oxqqai is 
pt^stut - thus piovkj thad it 
Has btsu ussd duxkq thfc . 
ttspuabo<Y pioccss. 


jo show that ons of tbs gases of thu. diV disapbeaft 
vthsn Xj.spi(atio(l taKss blocs. . 

fls lift sesdlinqs its put , tht eaxboct 
diotfick- Wolvtd , iq&ttad otf taking 
Iht place of the tasphed o lo/geu, is 
absoioed thfc Caustic potash , So 
that a t educed pressuie. tesufe. 

dtie Suctioc] So blouqht about 
ft vespoosibtt fox (he. intake of a 
Volume af vsatev fcqual to the 
volume of Catboa didvcide Hvolvid, 
and Iheiefo'Ce Squat to (he Volume 
of o^qeit 1 inspired . 



Germinating Seeds. 


~ 1o show that oveygea 


EvCpeVitfient 


Pyragaltati of 
potash 


Soaked 


En.be<irt\eat It. n 
<oe<uds 

spinkled on a 

mot-bV 

fvixogallale of 
pofa^fe 



IS ^.esintial {ox fc^pisahoci . 

Soaked sttds a<6. placed in Two 
flanks, fl and fo. 
la fl, the small lube contains 
pY'Cogallafe of potash ^made immedi- 
afel\/ before foe SijDtiimeal’ dissolving 
p\(voqa\Uc acid aystaU in excess 
causlic potash) which absorbs all foe 
otcyqen wihlia foe flask. Here (tie Sttds 
{ail to eliminate, because foey 
brsafoe . 

In foe ooaWol t fo , where foeie is foe 
necessaxy o^qen, qexmlnahon pro- 
ceeds in foe normal wa^- 


Wets , Small sseds Su.ch as Vlustaxd 

are spankled on to moist sponges which axe Suspended 
in foe botlfes, fl and _ 

(bottle fl , Contains a little pyxoqallate of potash , wh\le 
6, Conlafos oal y Walev . 

In R , foe seeds {ail to qexmmavc > while those, 
in fo make foe usual bxoqress. 



14 ~fO P£JrtOr<SfRFYT£ THE. PROCE/S^ OF R&bPlRRTioK .' 


lo allow lhafr hfcat ia evolv&jl dating tfifc pYocisS Q 



In R , ifa ffermornifc* is placsd 
among Soaktd peas , and in S> (.iffe Control) arno< 
Cotton Wool. Iht bell jars ax^ accessary in or d<tx 
lb sxduds all air aursrtts. 

In (\ , tfti ttmptmKae fwsV falls awmq to tfy 
Evaporation of vvafcjr 'potn ihs damp ptas*. flffcr 
a time , koWEXt* , jt nsts , owing fo ths hfcit which 
16 liberated during the rsspirahoa of (he p*as. 

In tta Control &, any diffsrcncfc. in th<o fen| 3 t 
aturE of (tvE ^avironmsnt can bt Cofed , and tW 
(fit feal rise. in fl, owing to tfvt. evolution of hial 
can bs calculated . 


Covkcd bottles, With a tWmomttar 
passing through the cork , as 
shown in IhE diagram Can bo m 
used for (tub s^trimcrih 


To demonstrate llac br^s^nco of Carbon dioxide m £xhflkd aW . 

<ht apparatus 16 sel- up Soda V, 
shown in Iue diagram. T 
LmeWafex lb placed in 
bolft flasks to the fevd showed 
"Ths tubs. ft communi- 
cates with both -flasks. Whsn one. 
abpUss suchon at this point by 
inhaling deeply , Tfe* air bubbles 
can be observed passing through 
flask & , Causing little diffixence. in the 
appea^aace op tKe lim^wafcx' . 

On exhalation, [breathing oul^ the 
air passes Vito flask C, and \$ 
seen bubbling through the limewater, 
which as a result* qoes milky, so 
proving the presence of carbon 
dioxide in Exhaled . avc . 


flna£.Vobic> xesfiicabor? . 

, Wherf animals are clepnxed 

of atmospheric oxygen , so that they can no longer 
breathe aerobically, Ihey die. 

Plants however , wrien deprived of this Source of 
oxygen do not immediately Succumb but undergo a 
modified process of breathing without oxygen, namely 
anaerobically 


lUfcrmomfcfev . 

Germinating 

ptus- 




\ 



Soak fcd 

Q 



Kltrcuury. 


I<1 aerobic vesfriraV(dc7 . (tit ovygea lakecl m Combines. 
w'ltFi IFie aw bon o\ the mbo hydrate, So thal the product 
of the process are Carbon diovide. and water vapour - in other 
word?, there i<i an entire breakdown of the carbohydrate and 
complete liberation of Sxmqy. 

lu anaerobic. vespiraho\7 no oxygen ft available , so that 
(fit Carbohydrate breal<S d.owrt incorn jointly WtlFi only 
paxfi'al libsmhbf? of intvqy. 

The pro dads of fts p’focsss a<£ caiborf dtovuds. 

and 2.lfiyl alcohol . Ifit laltt-f on accu.mala.t'ioq is v 

Ytspone'iblt fov the dsatfi of Iht organism which produced ih 


do dwionstrale anawbic. Y-cSpha.Vt.bn • 

Ifis hard glass iubt is ftllid Wilh Ktrcary 
and invsdsd into t^( treaty. 

flboud SiV Soaked peas have their 
teslas ’removed , afte< r Which they are 
slipped u.p the tube . 

After 24 hours, they hi ia a 
gaseous oh amber of carbor? dcoKide. 

"1 he latter can be tesled by means of 
Umew'aler. or Caaelic poVadi- 

lhs Carbohydrate has broken 
down incompletely, With the formaVion of 
carbon diokide and ethyl cdcohol . 

C b H a O b 2 C^H^OH +- 2 CD > 
ethyl alcohol 



Klercary 


M.W.M.'d' 


EXPE-RlrtEXTS To DEMqKSTRRTE. THE. PROCE.6S OF PHOTO £>•/ KTH E3\g>;. 
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io ghow that atmospheric Carbon dioxide. is gecsssary few photosynthesis ( Food manufacture) 
~ Ebrbetimsht 1. 


boda lime 



Caustic 

potash 




■fo sh ow fried light Qecessow/ for Photosynthesis- 

IwO pl£ceS of Cork OJffc 
placed [o coincide- above 
and below a leaf of a 
Starch - fret plant. 

ihe whole is Then placed 
in (he lighlr for a fa hoots . 

ihe presence of sl'axch 
can be demon skated w all 
(he 'exposed part of the leaf, 
but nor in the axea covered by corK. 

do b<ove lhal photosynthesis cannot 
/ lake place in the absence of Chlorophyll . 

fl ■starch - -free plant (one which has 
been Kept th (he dark -for twelve Hours) 

Kith Variegated leaves is placed 
ih bright: lughJr . After Several hoars 
(he leaves are tested .with (he 
resalt (hair Starch is found ih the 
qreen parts , but not in ihe 
Cream-Coloured parts. 

do show (hat starch is removed from 
k (He lent daring the night . 

"Detach two leaves from a 
Starch - laden plant, and place 
them into water overnight. On the 
following morning , test these leaves 
and those still attached to the plant. 

In Ihe latter Case, no statch is present, 
while Ihe detached leaves are starch - laden. 
This fact: proves lhal* the starch has been 
Conveyed aWa-y from the leaves to other 
parts of the plant during The night. 




In. apparatus ft, Ihe incoming air iS 
deprived. of Carbon dioxide by passing it through 
ihe soda lime in (he tube . Within the bed Jar is 
CauShc potash which absorbs any Carbon dioxide 
which might be there. 

Ihe plants used in ft , and the Control £> , are 
both starch -free , and are exposed to Ihe Sunlight 
for Several hours. . p . . 

In the leaves of fl , no starch IS formed , while 
Ihe leaves of & are starch laden Ihus proving 
Ihe necessity of Ihe carbo n dioxide , which is 
available ih Ihe normal air Supply. 

Experiment \ 

ft Starch - free 

plant has one of lie leaves 
inserted into Ihe mouih 
of a Jar , in the bottom of 
vouch Inert is a Small 
amount of caustic potash- 
Ihe latter absorbs The 
Carbon dioxide from (he 
atmosphere within (he 
jar. 

After Exposure to 
Itie light for Some 
hours , (he leaf 
Within Ihe jar is 
still starch -free 
while ihe exposed ^ 
leaves contain 
abundant Starch. 

Oxygen . -fafa - Io demonstrate the evolution of oxygen 
as a result of phoiosyathesfe i 

fl green plant 2-g. £(odea is 
placed beneath a funnel over the 
stem of which is inverted a test 
tube filled wifi Water. 

"Ihe water in the beaker is 
charqed With Carbon dioKide - Hhe 
apparatus is thea placed m (he 
bright Sunlight". 

firry some hours , a gas Collects a\ 
Ihe fop of Ihe tube, which can be 
tested and thus proved to be oxygetf 
ihe carbon of (Fit carbon dioxide 
has been retained by (he plant for 
starch manufacture , while the oxygen 
has been liberated. 

„aTer charged 
With carbon dioxide- 




£lodea- 


id demonstrate the presence of starch Within the leaf. 

Detach a leaf from a plant which has been exposed to the liqht (or Some time fUqe 
it info boiling water, m order to Kill Jr, and (hen place it into methylated spiar which 
gradually dissolves out the chlovophyll. In order fo Hasten (he protess, j ^ 

heated h a Dorcelain bastq over a water batfi . Men all The chlorophyll Has been qxiracfea, 

Ihe leaf appears a dir tv/ cream - Colour , which on (he application of iodine changes to _ ^ ^ 
bW.- bWK— Thus proving the presence. of £\a. xdx- 


/6-'£.XPE.fllK\Ettfe -To SHOW THE. CHRPwRCtgRl&riC F'E.FVTUKE.6 OF <HE <50l U. 


1o sW thal 6o~'l 



con tains ad , 

('ix^orolid bast 


I Original 

<Vv}-: v .::Vl 


Ra dug into Re Soil 


The qlass Cylinder contains w attr , and a ha ^ull oj WaU 
is Suspended info ‘dr , and Re kvsi of Re w ater \n Re 
cylinder 16 marked . Ke*X, Re tin full of Water id lifted up, 
and allow id to dup for a fw seconds*, after which Re 
water in Re Tva is thrown away. 

Hed, Re base of Re tin \s perforated ^ ana uug dons 
info the Sod, in ok der To -fill it with $o\l m ‘situ I Ike Kc 
d dug out, and Re Soil Cat off -[lusty with Re edge of 

Re (in- 

Ike Rh of Soil i6 ne4* lowered into Re cylinder of waWx, 
and the Sad raked oid of Re tR. bubbles rise VaJcsial^, an 
Re d\< esca bee. flftec a tune, fill up Re cylinder m water 
to Re frrst level, and Itxe amouat of water required ; Jar 
Ris pin pose, Is equal lb Re volume cf au< ia \fte lias 

^ volume- of Sod. 

" To e>hoW Rat a jjme sod o^ers a greater Surface to Water Rag does a coarse Sod 

laady clayey. , 



yiv. 1 .*/:.' 

1 







Two Similar tins We Iheir bases and lids perforated, Into one is 
placed Sandy Sod , and info ttk other clayey sod - neither Sod being 
Cjjdde dry. (both Kris axe placed info a Rough, wiR about V depth of 
Water, and left ifiere for - about di tlouy during wtnch We > more water ^ 


may has/e foce added. After removing and drying bath Rds, Weigh them, and then 
and leave there t {or several days, and u hJi ^ A "-'~ ' ^ 


(he Sandy, So proving that Ike clayey 

do 6hoW that Goil Contains Micro -organisms 

In ft Re bag Caataicfe 
normal Sod , while (hat m 
b Contains Soil Which 
has been balled in order 
to Kill any micro -orgojaienie 
both bags are moistened. J 

In each bottle tfisxe. 
ie a little Caustic Soda, 
while Rni U- tube carifoins 
Coloured, watex . Ifie. 

Whole apparatus is li[t 
^or Some tinie ; with Ike 
\esult Shown in (he 
ddgrcun. 

hne microorganisms in so‘d ft have been f\ 
reebhing, taking ia oxygen and giving od 
Carbon dioxide, which has been absorbed 
by Re Caustic Soda, with Re result (hah in 
bottle R , there- }S a reduced pressure wh^ch 
causes Ihe RgjUld To (ise In. the ConespondRg 
limb § the lube. 

Capdlardy greater ia clay than in sand . 

Two qlass tubes Rand 6, each about 2 ( ^V ace 
closed at one end by muslin .Ike Tubes an then 
illed , R With Sandy Sod, and & w\R clayey Sod 


Rea weigh again. 
Sod absorbed 




a(h are blamed info a (vouch of Water as illustrated.. 
Rffox a tune Re loafer is seen fo nse higher 
id & than in R , (Hus showing the 
capdlax^y o^b fo be greater than (ftaf of R. 

ihis is because. Iht cabillavy passages 
of & axe narrower tharz those of R, and 
(tie pax llcUs £>, smaller than of fl. 


^oanct 

Laxnc particles. 
Great aw coaleah 
Gnof permeabikh/ 
Lithe waXec Coateah 
Little Capillavdy 


Clay . 

fme paxtictes 
Small aiv Content - . 
Little pexmeabdity. , 
Great Water - con teat . 
Great capillarity. 


& 


fe 


„ but Rem info ci drying oven, 

hke tin of clayey Sod loses more weght Ran da: 
more water m (he first instance.. 

Greater porosity L permeability fo airT 
sand as compared wrm c lay 

One funnel R is filled with 
sandy Soil , and the other &,with 
clayey Soil, both long tubes axe 
Med with warn. 

When the Tap o\ A is opened, 

Water passes out Irom the tube 
at Re Same rafe as the air passes 
through (he $aad. la the latter, (fts 
Qoie spaces are large v thus ena- 
bling air to pass "through (paddy, 

Which in As Run ^erts a pressure 
upon Re column of Wafer 'in 
Tube., causing it fo run out rapidly. 

In clayey sod The pore space 
is ‘Small, with the result (hai (Re 
passage of air through is very 
slow , a tad which is evident wktn 
Re tap of 1 b is opened ; and Re 
Water hxcKlee out slowly. 

Greaier pixmeabAity tq -Sand \ haa vet day . 




C=7 


iv(o similar lias Vtith Iptcfaxaltd. basts 
Contain. Spiral amoants q[ Sandy and 
classy Soil. "To Saeh an Sc^nal voliant. 
of wait* is addtd SimaUantoask/. 

Ifis waVtr (Dassss Vs<v/ qiuckl^ Itvoa^k 
Iks, Sandy Soil, and slovjL tfwougti fat 
claysy . irlis is btcauss Vnk aw Sbacts 
/ btfvJtitxi [fit Sand pax ticks axs. lawjt, 

=| vtHils. Itvoss. bstvJssii fe clay pa<ficAts 
ivlafa art Small . 



HW.K.Ti 


FflC-roft.6 WHICH lUfUJEJMCE- THE, GROWTH OF A PLfiHT . - GKftVlTY , LIGHT , HQI^TQRT. . ij 
Gh-OTkOPteK . ft growth curvature brought about Te unequal distribution of the stimulus afforded by grav'd V . 

When. 'a Sled ie sowq fa a vertical position , the root grows downwards , and frit 
shoot upwards, oWiii.0j tb the influence of gravity. That thus is so, W shown by placing 
the Seed horizontally in frit Sail , and. , keeping frit whole in a warm dark place 
for Several days, after which Ihe seedling presents an appearance simvfojc tb 
Radicle. w that in Ihe diagram . W spilt of the horizontal position, the, radicle. has cjrowg 

downwards because it is positively qtotropic , and Ihe shoot upwards , because it 16 negatively qsofropic.. 

UELUOf^OPieM. ( fiiotofropistn^ ft qcowlh Curvature brought: about by the ua-cqual distribution of light. 



One- sided \Uu«iiaahb<l 



Equal itlu.mina.Vioo on 
alt sides. 



do show the influence of light iq true S*f)er invent a long bo* 
about 2‘ XI 1 % \' in size is used , It Has one detachable tad 
•fox frit insertion of the, plant, while. frit opposite eqd is 
provided With a toaq slit - shaped aperture, about b" loaq, 
by T* wide . Tns qpertuxe. is deepened by strips of wood 
being nailed. on ‘dlntx side of it. Tit whole. of the rntexubr 
of the bow. is painted black, in order to brevenlr light xtfltdtioxr, 

Mustard seeds one sov<q in a pot, and the whole inserted 
Into the bo* and left fox several days, while Stem! ox Seeds are 
sown in a pot, whic-h is Kept in the light. 

When the Seedlings have, grown to an appreciable SrZ-e, those 
grown Within the bo* are compared With those left outside. Tie tatter 
axe Sxeet, short, but sturdy, and With a goad. qreert colour. 

Those -from within "the bo*., show a marked curvature towards the 
liqht, which reaches them through the Slit "friev are long and Straqqliqg in appearance, while the. chlorophyll 
is very poorly developed, because only little tight reaches them . 

This eypeucnent also shows the effect of the absence. 
cf tight . Hpaxt from the -tact that bloats 1 which axe grown 
1 u 1 L oq of lic lL 1 1 


e*posed to Unequal distribution of light show a Curvature 
towards That. Source-, complete absence of light Vlas Ihe 
effect of stimulating rapid, qjrowth of Ihe shoots - a. 
process Known as £tiotah.oa in which the shoots grow 
la order fo qet to (he light. 

Such -shoots axe long, thud and weakly, while the 
usual qreexi is replaced by the characteristic, yellow Golour.- 
cnlorophytl having -failed to develop because, no light 
reaches the plant. , . . . p , . . . p, . 

Ra Everyday application of ITUs jad: is seen in lat foraag 
of Such plants as Cel -ay and Rhubarb , where, the edible 
leaf- Stalks or petioles , grow enormously as a result of 
this treatment. “ 1 



byperiment fo show the eff ect of 
light upon Ihe growth of Ihe root , 
ft very young seedling ts 
placed within, (he cylinder \rt a 
Vertical posit roo. The cylinder is ■ 
almost covered with a black cloth. 
So that the light is admitted, 
along a narrow - strip only. , 

Ihe apparatus is placed in ihe 
light, ana after some .days the 
shoot shows Ihe usual curvature 
16 wards Ihe light , while, the 
root bends fa the opposite 
direction . being negatively 

hdiorVopfc- 


HY DRQTtkQPlGKl ■ R growth curvature in foots resulting -from ihe unequal distribution of Ho future . 

Soaked seeds ate placed on a sieve and covered with moist blothhg 
paper. It is Ihen hung in a hori-xontal position rh a warm place. When ihe 
radicles dongafe , Ihey grow straight dowrj , So showing positive qtofropistn 
ihoi the radicles do uoV Show a hydvofropic. CurVofute is due to Ihefocl: 
that Ihe Source of moisture is equidistant -from all sides of the radicle, So 
lhal the latter k th a state of equilibrium with regard to moisture. ^ 

R simita-rly Sgurpped sieve is hung at an angle of T5. 
When the radicles grow, ihey show a marked hyarotropic. Curvature, the 
radicles bending back, into Ihe Sieve. Here , the distributioq of moiSluxe 
is unequal , so (hat Ihe radicle bends Until the tip receives Ihe water 

eKmulatiPn squally oq all Sides, in spite of Ihe influence- of gravity. 

To demonstrate positive Hydrotropism in roots 

ft wooden bo* With perforated, base contains {airly dry Spit . la (he 
centre is placed, an ordinary porous plant pot, in which me base \s 
plugged., so that it may be filled Wiltl Water, to Ihe brim- Rround me 
pot, soaked peas are set , their only Source of moisture being that 
within ihe pot. r , , ^ . . , , . . . 

RfTer about 10 days, the radicles, instead of qrorViqg dowR, 
are directed towards Ihe pot, so showing Tat Ihe root is positively 

M«»s»pe. M.YI.MV. 



IQ 


-The, growth of The Root rno 6 Hoqt. 


fe show Bte ^ of mmUnvun ^ ft] >n a vod .^ a ^ a sr<mght ^ oy 



To ehow lhal any CwvaWc. 
MeqatiVe. qeofcopisca in the shoot . 



one inch long, and b y means of Indian ink mark, off lva<c.^> 
one millimetre opart, from fe Tib backwards. H ti\ fi* fe Seed- 
ling 1a a Jox lined with rnoist blotting paper, <ana place in 
fe daxk -for about Iwo days. 

fit- fe end of this ftfe , fe lines cue no longer ^ually 
Spaced - tfto se between -4-, 5, 6 and 7, have lengthened. Consider- 
ably, thus proving fftal* sloqgahon fees place some distance 
behind fe tip- . , 

(\ 5 a tC6u.lt of this expeximew, growth may be regarded 
as consisting of three phases pom Tip backwards: - 
(!) Formation of cells 
UO Elongation of fese Cell*. 

(iii) l^odificadioa of fe same cells 


lakes place id fe vegion of rnoodrauva growth - 



r/ Ihe shoot of fe 
, § Runner (bean seed- 
ling 'is iriaxKed off in 
millimetres , and placed iq 
a horizontal position , in a warm 



losife qeotropism ih the vook 

Aexe fe root is marked. V v 
off \b millimetres -from fe Tip 
backwards , and in a horizontal position is put 
lata a Warm dark place for 7A hours. 

Here again fe positive. qtolropia curVaUue. 
takes place in fe region of maximum growth 


— in ~ ... ^ , 

dark place tar 24 houxs. . ike negative 

qeohopic curvature Takes place in fe region of mocimom growth. , ^ . 

lucideatly these experiments also show that the region of elongation is longer in fe shoot fen in fe root 

Although any growth curvature takes plac^ in fe region of maximum growth in both root and ^hoot , it 

appears lhal tKi’s is not the region where fe stimulation is perceived, but that it is probably perched, by 

Hi'-. r»* hd/1/h. / n ^ A In./ C?nrtic (WC. fin c? 1~r\n \/Cs.tfr.A TvArH tPl C*4£, In ttii ~Tc\nQ- PlT /Irnwfttri Ck/rtU I . 


appears lhal this is not the region where wvo wwuuucmori i$> iju^^xu y uuu meu u » 
Tib or nearby , and by some means conveyed Aora tfitxe to fe %oae of growth. 

'Tha} this is fe case is shown by placing Seedlings in a horizontal posihoa , 

Tip of fe root". lYa geo tropic Curvatare lakes place . 

E.x.lpe<\m<aiV to eW'lHai- Hie |po^< o( W p«e&fttirici k loaxl^fcd. 
rtoitocctyledonous eeeds axe grown in oi boTTgnd the plumule Sheaths of about half 
the numbex of seedlinqs , are covered With eilvex paper oops f which are fet made 
and then gently pushed o<7- Ike whole is fen placed in a dark box, htlumihcued 

pom one end only. After about 24 hours those Without caps show a ddfiade 
Vidiohopve Cuxvatfe. ike covered ones remaiq perfectly straight, so feV fe 

perceptive power lies Wife fe tip, covexed by ihe paper. 

Grow Ih 
rate of 

Ike pointer kas a short arm attached to fe plant, 
and a long arm * terminating m a point which moves 
over a graduated arc. 

ihe lever is light and xwded to a per pedicular 
bar, and 'fe uaecyial arms are made lo balance by 
placing a weight on fe shod arm. As fe shook qcows 
The pointer sinks over fe yv graduated axe , and 

7 x the amount indicated 
ie \q the actual 
growth a5 fe 
l length df fe long 
Wm is To fe short 
| oxen of fe lever 


. l t . . tin. 

curvatuLXe. 
and Catting off Ihe edrem 





U.v^x , - An iasttumenl which magfliftts Ifit. 
qnowth', Vthtxtlsv/ \l Can £aS\'y be m£asa-<^cl . 



I, (± an ta6Vyum^.n.l: w\uch 

|\ ^riowa thaT arw 16 

_ I 1 broaqVii: about oy uia^ual d^W'buJton c 
>5 = 3 ^' I Soffit • inlW/rrtiflt atwalmS . 

_ w / " " 

— — ^ iVit dock it fesbaadblc |ov fflt 
itquiax vtvoluJf'on of ffit Cotk cldk ,'wH'lt- 
fat txanebaxod C^l'udt< vt To dvinda.lt an', 
^ dxaugHje '4c . In % .Koaxoalal posdon tfw 
atoavaTat ^ utta {oi ^totropvtm 2fbex(nit(i 
Afvt ‘Sttalvcvj , UtoaqW. in a Vlo^zoatal pot don, shov 
no ^tolxobvc cuwaVuixt- btcauet 
vn iKt xtvoUincj tkt radidt 
16 £.sbo6td fo an sqjjjal 
dtlubuKon qtav\y on all 
6idts- 

la a paptncliculdx 
po6vkoa , (Fit plumult t>Howt 
no UdvoWoipd- ajfvdaxt., 
btcaafet. Hit ^jlvonulat a^data . ~ 
b'/ liqhlr i6 icfyial on all tidltt, |* , i 
on aocoudr df (Ht 'itvoldvon 
ojj Hit dovk. disc . 


M-W. 



frhCQN DRRY iHlCKE-NltSG IN PlCOrYLlDOK 6 . - STEINS. ( 9 . 

Diagrammatic transverse lections a Dicotyledonous. etem ia Various stages cf Secondary thicken^ - 


ll£. Plumule or h\jpocok/l . 
Ksddlaxy Ray. 


(around 

tissue 



✓Epidermis 
^ Fascicular 

ocunbuftn. 


•ftilotmV Vascular 
Xylem I bundle • 


later stage - Parmahor?. of Gxmbiom 

Epidermis 
CotK cambium ox 
Iphelloqcn 
Coxfe)Cr 


floaty 
Haa*ylesrtJ xyl<un. 


IV Second years second a<y growth . 
Rvcadut^ 

phlofe«i 
Coifed 




Cork 


InfecWvaAar __ 

Cambium 

Fasaculax cambium 
f Primary vylem. 

Primary phloem. 

V. ' thvxdl years Secondary growth 


tU PitytyVsaXS sec ondary growth . 

faaaxy phlotm. 
Secondary 
phloem- 
Cambium . 

Secondary 
xylem. 



Primary 
xylem • 

imaxy 
Kiulu.Ua.xv/ ray. 


.Cork cambism ox phelloqea 
Oxtuhiom Cambium. 

Ptirnax^ KOiHai'j toy. 


Stcortdafy Kfcdullafy fay. 
Itxfey Mi<iulla<y fay 


2 ^ y£a< 7 ‘bicotldafy 
xyltwi. 


• fart&tew*. vfool- fe-g. Unt.. btW 

acid spring Wood. 




Primary 
phloem 
/ (.usually 
indi^uisnable) 


" Transverse Station of Gvfmgospsrca Wood. eg. luge 
KfcduUaW 


5brmg wood ricVi in 
Vessel) and ftacheids, 
buOr with few fibres 


f^dullary 

Yay^> 


RuJaccra wood 
with many fibres, 
few vessels and 
few ttgcheids . 


spring wood 
Consisting of 
large KacViud^ 
With lhi<7 
walls 


"the cambiom being meristycaalic^ retains its. powex cf division and 
so is responsible {ox the increase. in ttfidkasss of the stag. 

Ihe. cells to the outside diffeVemhate as secondary phloem, and those 
to the inside, as secondary xykcn. 

In the {uisV yea* of Itvuic actiVvty certain .Gambia! cells au off 
parenchyma cells to fee outside and to the inside , So {arming the primary medullary 



femed/ In the fiidumg caaibial activity , - ... 

In l^oaocotyledons . secondary thickening does not as a rule take place. Ift 6o , _ 

Dxaccena, Yucca, ana many Palcas, which teach a large size, 1he<e is a modified farm of Secondary ijrowty. 

" off tissue to the inside, which becomes differ enhaltA into vascular bundles. 



Autumn wood 
coci^istfinq of 
Small tracheids 
with thick Walls 


.Hece the cambium cuts o< 


>erm Secondary wood Conhuqs Vessels , tracheids t -fibres, aad woo d parenchyma . . . p 

' - J - u L s t^gcheids otil yT hence the regularity of the wood, as Compared with mar of 

, the cessation c( Cambial activity is responsible {or the yormahoq dp Annual rmq^ 


Gymnq4jj>e^ Wood cdnlravas 
Hagiospdms . In both groups 





20 THE HOOT <bV6T£K\ IN RNG1Q&PE.RM6 , GVKK0^>PE.RM6 RKD P<£ RlOOPHY'1'6, 


„ ... . „ . . - Oif\£U^ 

H couducoq ryfoicuu 

of ferns ia which 
there, are two 
xylwa groups 
-qd two 


alternating 
bundles 
of phloem. 



lliferous layer o< Epibkcna 


^ iRiflRCd . 


tendodermis 
Ptneyci 


fdtdo dermis 
(Wcycie 

Primary phloem 

(££ 
Grfe* 


t\ Very common ti/pe 
dmong Oicotyled* 
vdiexe the fc ' 
xylem qraul 
alternate wltr 
the four 
phloem group 




Ejpihktna— 
Cortex 
EsUdadttrid^ 

. Pfcdcyl*. 
firvnqaXv/ pM< 
Prvcaax^/ Xykrfl 



In most Cae.ee> the steW system 
of the root takes fie fowl of a 
Vascular core , which renders 
fre, root pliable - a necessary 
feature of an otqan, which has 
to make fe Way between tough 

particles of Soil . 

For convenience they 
are classed together as 
diardrt, tudrch, tetrarch 
peatarcW, poly arch accord- 
iaq to >he number of 
alternating Xylem and 
phloem qtoups they 



fin arrangement 
found <h (he Yoo 
of (\he. . 

Heie (here, 
are three 
*{lem atoub 
and three/ 
alternating 
phloem groulj 


PqlYrrch 


CrifU^fiCl'g.ktS-hce OF THE. ROOT &>UNDU£. < S> . 
Vascular bandies are.- 

(it Radial (phloem and xqlem bundles on 

r different radii) 

(lit hxarch ( proto itylem elements face 

outwards) 

(w) dosed [differentiation cf bundles from 
the brocambiat strands is 
Complete, So hub no primary 
merwem. or cambium is present., 



feNTflRCH h nattier type jour* 

in Dicotyledons, 
ihe -five group' 
of pnloem . 
alternate Wit 
Ihe fwe giou 
' of xylem- 

LFpibWma 
■Cortex 
hqd.oder«\ir 

tricycle. 

, ^Primary rylem 
dim. ax y phloem 

folyarch Condition characteristic, of all 
Monocotyledons . . 

\ Ihe alternating rylem and phloem 

groups are many iq number. 

In Some cases, eg. Mai^e , a pith appea 
in (he Centre of Ihe stele. 

Epiblema . 

Cortex 
kndodetmis 
Pencvcle . 

Phloem • 

Primary Vytem. 



PICOTYlEL OOKOO^ 
it does so 


ROOTS 
as the result 


6£G0NPPiRV THICKELMiNG IN 

When sscondaw thickening m a root takes place, -- — . . 

aciMy df a stcoadaxy meti'ol’tm ox awtibial iaytx , wtuch ox vbVa ctxiatci pcu&cicH'ftft 

C£ Ik UTwtta fa IpWow and tfykm bscotmuq rn^kWoKc.. . . y 

fa |oux stcijps of cambium teach fa jtoicvp 
^ g, lake becomes ra^^temallc 6o that a 
s><aY>f bacfd 0^ carabtorfl h <tstab\ish^d , 
shown bv{ tat dotted Ivnt*. 
itit advYtVs/ df ftit awnb’iom te uci<^ j aaj J 
biiaq teasV in the t-c^ioa^ o\ M. jpwicjK^jlwi 


and moslr aa ffit wia« ^»ide. oS[ 1fe> (dWckjxi 
( indicated byX).ft& a o\ te 
dwkvon, cdU wWcdi a^ st^ona- 

uy ^Uca <^ou^)6 x so iSud fa 

/ ^imOiai tayK beco\at£> axculax: ih^ta.a^tex 
wKvdi fa diVvbioci of tht cd\s d<b ec^al , N 
/^I'tnuJltacitoa'aly , ftt. phdloq<cn ok Co\k Cambioai a\\&& \ 
fa b^tcycl^.'lo Corti^safe. ^ok loes o[ coYte^.a^ndaxy 


tma' 




(oxmtA wVudrt, add\W to fa 


pkillod«tm ft od oft to fee. •ttfrtdt . i'o Hie oaUidt , CotteCtk 

\<c Indod-exrav^ ( okqvqa\ Coxtt^ , and ejbibkn\a, 4 Consiitati Iht \\k*j; caxk 


dxidtxm 
^ Coxt 
N. 

^idod-cxmis’ 
CqyK Owc\b 
Ipbdoq 
0!Tv6\aq 
tfe. b«v 
1 o/cte 

Stcoqd< 
CoxV'c.y. 

pHttlod 

^Cartibv 

rhaxy * 

^v/l - 2 JT 7 . 

ecoadaw. 

Secondary Wq , 
wa xy ^Vilc^ta . 

or periderm, 



DtftGRRHMftTtC 


'TRANSVERSE SECTtOKS SHOWiNQ THE TRHNSITiqN FROM ROOT 
“ lb STEM AS EFFEGTEO IN THE HYppCOTTU . ^ 

" Transverse ■oection of the aetrarch roof . . 

' T~ k the root the. bundles have, the. following characteristics- 

6 tdode«miS v ... ..*. 

Pelcycle 


hpitkma 
Cortex. 



(detaxylem) 

Phloem 


t Radially arranged (xylem and phloem bundles on different radii) 

It Exarch [ prolb'-^em elements face out war de) 

Ih. Closed (Mo cambium ox prim ary meristem is present , % 

differentiation of the, procambial strands being complete) 

Lateral . branches d[ the tool: anse Endogenously taking 
their oriqm from The. pedcycle in a position tithe/ opposite 
each brotoxytem qrouh , ox opposite, to the parenchyma 
strands between the phloem and the xytem groups. 

"This mode of origin meant that: the root is Well • matured 
before it emexqes -from the cortex and therefore. unlikely to 
be damaged when it - makes its Way between the parlicies 

cf eoit. 


fit this stage , the kylem and phloem 
bundles a<e dividing radially , to that" 
the number of xylem and phloem groups 
axe doubted. 


E.piblena- 
Cortex 

' Eudodermis 
Pericyde 

Xylem 
bundles 
twisting 
through 
half a circle. 

fixed position , 
of ihe Iphloem .' 




In the Hypocob/l ox Plumule the chaxaderishc. 
etem structure is evident. . 

Eteri bundles differ -from root bundles m that 
they, aie\- 

X Gan joint or Collateral (xylem and phloem bundles, 

ate on the same radius) 

\ Endatah ( protoxylerri elements -face inwards} 

"fif, Open. ( fl cambium or primary men stem is 
present between the phloem and 
xylem , the differ eat iatiog of the. 
procambiat errands being Complete) 

& ranches of Ihe bhoot system arise exogenously , 

toking their oriqm superficially, So that they 
are retatiuety immature when first they upper 
as prominerices -from the epidermis. 

M.W.H.T. 


■Epiblema 

Cortex 
Enda decerns 
Pericycle 

_ Xylem bundles 
dividing radially 

_ Phloem bundles 
dividing radially 


<—\R After dwidinq radially the phloem g<oupS retaiy their 
former posihoy with the proto phloem facie jq oul wards 
but the xylem bundles twist through half a circle and 
come to lie on the inner side .of the phloem groups, 
With the pratoxylem dements facing inwards, so forming 
Ihe Collateral bundle typical of the stem. 


IV Iransyefee section of the Plumule or Hypocotyl. 

-Epidermis 

Ground tissue 



ft unary 

Phloem 


liedutla/y 
' Ray 

Primary 

Xytem. 


■Protoxylem • 
Netaxytem . 


^ -t%*icylt)llsuatly . . 

Eadodermis 1 indistiuouiskatble 


22 RNGtOSPCRM STCRl RRD> ROOT ItY-feRRRU GfRQGTUREL , 

DiVt^tacfi of fca nevet-ag. s>goKoc7 of Sutfccub sfe*! (Raauncalu.^ Va^C-alo j — buxadk. — — fcufecu^. 

shoWikq the flag - like . , * 

avr anqecnerit of the ^clereuchymaiouS ^tores 



Vdeca\ax buadt<c£> 
wihick fe typical 
of TMootyledoas 


.Vascular 

bundles. 


forming the bundle 
thtalft. 


ft\loem (Sieve Tube, 

V< 


.Companion Cell 

CojoabiOcci 


f^eada^maioaS 


tissue 


Diagram oC the transverse section 
of butchers broom (fPaseus"! 
6 V[oW\«q tft e Scattered arrangement 
of the Vaseulax bundles , which 
is choaa<d<ate>Cc of Konocotyledous . 




ton. 


rttaU . 
CRfed vessfcte) 


eProWykra . - 
(Spiral and annular 

Vascular bundle of tAdixe. (NloqoCoty Vt66 



T)iaq<arr[ cf transverse section of 
fcufacap C kaauncujus^ root 


Vascular 

Core* 




Companion cell! phloegti- 
7 ^-Skve tube a 


bcleren<diycna!foue cells jorntuc 
tfte bundle sheath, 
fitted vessels, of Hela>a/len) v , 
Sb\<al Vessel. 1 , K , \W** 

■Lu w. 

: Parenchymatous CilU of Ike qrouad 
tissue fundamental tissue}. 
LySiqeaous ep ace . 


Central Vascular core of buttercup root . 


Ccnte* 



[Lndodeutus 
(.radial Walls 
ikicKeqed) 

(ericyde 


- f^ool haiis. 

ternary ( Kleb f 
xyleca- tftotc>*.ylem 

DiOATararnalid longitudinal Section of a portion 



PoXen^Vi V <q ato u.S 
cells of the 
eorW 

Rotalp\a<=,<<\ 
l«iia<j tfk. 

Kall. 


'to 

oaifevl 
VaseuW 
sWids . 


Nuckus, 



1 

ham 

__ fiiiferous layer 

6r et^y rndioixs hpfcW 

Cells the carles 

d? the rooth showing the root hads ia telalioq to Hie ‘Soil particle 

C?(m\ parades containing molecules of inorganic Substanc 

,fiW of water Surround ihq Ike particles , and dissolving 

soluble ‘Sails . 

ir Spaces between tke particles of* sod 

•Pool hairs (froloqgahon cC Ike Sudfaoe cd of 
1 the roar} 

ike Carbon dioxide qwer? dff doling the 
respiration of the VooV dissolves id Ike wale* 
and forms a dilate add. 1tue> readily dissolv 
necessary 'Safe in \fte epd which ctfkxv 
are insoluble in Oure wotex" . * * a s 

1 hl.WK.I. 






L£RF eiKOCTOREL 

' Ixansveise, seehbn of 

falisade Celle which axe donqated , 
neh in chlorophyll , and With few 
inter eellulav Spaces. "these ceils are 
\espocieible fox the, maaufacWe^of 
Gaxoohydxates in the presence \ 
of li'#' r 

6 ponqy tissue cf. ixrequla* 
slellats Cells , With few 
chlorophyll grauts . ihe 
irrequlardv/ af (tfevc oudhqe is 
responsible fox the abundant inter- 
cellular SpacCS , with Ike result lhat this 
tissue is especially Suitable fox qaseous 
interchange, [oxygen , Cuban dioxide, and 
waler vapour} which takes plate through Ihe 
stomata 


MQKO CQTVL£>DQK6 RtiD TMCDIYLILDON^ . 

doxsivenWal ox hoxixontal mesophytic dicotyledonous Uaf . 

Plan. 


25 . 


X^/km or wood , which c owes the inovqanic. sal 
m Solution lb Ike leaves (ox food manufaduxe 

Phloem or bast which Catties Ihe man ufaduxed organic 



Cuticle - % non-cellala< stcxehoq of Ihe upper 

IjpidWiqal cells. Upon the thickness cf the 
Cuticle depends trie late of evaporation • 
■&lisade hssue. 1 ./i . » ,, 

" a^av \ 

• low ex etfidexrnfe 
— later cellular 6pac.es . 

Quoad cells ~ of \Vie stoma , which 
axe Xich \h chloxaplaeta 


: Piqrx\eat - containing cells which 
enclose the Voecdac handle of 
the tuid-hb. 

Medullary Vav / 

^jihicKeaed C collenchvirnairoue ^ cells 
wtlose function is the protection 
of Ihe main Vein, above and btloW. 


■ . ^ uv VM ^V*U\ TXIVIUU VJLM X\WV I * t W "lwn\Al \ Vj Vjcv V * 1^1 T 

food from the leaf lo any pad of Ihe plant where \t is ve^xed 

5uxf ace view of (he epidermis cf a 
dioohitedonous led . show in a me 
distribution ot m.e etomata " 



Guard ceils 
stomata open . 


Epidermal cells 
have iXxeqdax outline 


In dor si ventral or horizontal leases x Ihe stomata 
axe corded to ihe lower surface. 

In isobdoteral ox vertical leaves J Ihe ^ sfomald. 
axe equally disirto ated on both sides. 

Dolled line 
represents 
stoma closed. 

Ixansverse section of the dorsi ventral 
leaf of idiom . 


in a dors\- venhal leaf the upper tpideanis is 
usual iy devoid of ddoroph^ll except in shade * lowqq 
and Subrcmrged wotex plant's. 

dransyerse eechog ikxouqVi & vertical or isobildteral mocico^ledonous leaf. 
Flan of Tvan^t StcUi rij ,\«&. faj 6>ac ^ ygscuU bu-crdW 4 W U. 

^ Zuklt _ 

Dpidexmib- 


t/ 

•diloxoph^ll 
v grains. 
: raxex\c.hv|a\cuQuS 

Gills of lh^ 
k |tnesophvll- 



Guard cells -flaccid - 
‘stomata closed! 





Vasculax 


sf ihe ^idexrais d[ a 
• monocotyledon oueTeaf 
5howioa the 
AisWvbutibn of stomata 

In monocotyledons, 
Ihe epidermal Dells 
axe elonqaled in 
Surface vieW. 



Stellate 
pars^chj 

cells — “ 

Inter ceilulax 
‘epaces, 
lower 
epidsoni 4 


Guaxd^cells of stotna . 


hach stoma consists tvro bean- 

shaped quaxd ceils, enclosing the 
apextuxe between them .“Ihe coqawt 
edqe of each ceil is less elastic 
than the outer coqve)C margin, 

With (he result that the latter 
shetdiee -fust when the Cell becomes 
turn'd , drawmq W\th d the rest of the 
quard cell aad Widening Ihe 

aperture! 

\ When hatcid, the Convex moxqm 
Shrinks fast and so closes ths apeduxt. 

lo locate the position of the stomata , 
wav. the cut end of the petiole of a _ 

- - leaf aqd plunqe \hfe Waxen Water. Quord V ceils 

Bubbles . tuav\\ the posihar] of each stoma. of the, stoker 



r bieve tubes 
and 

lomp amon 
bells of the 
phloem. 

tqinq ^-ik- 

rrrench^nafous 
, Leifs of the mesopKyll 
yvdivch are respon- 
sible fo< 
photosynthesis 

JattrcelluW 
Spaces 

Epidermic- 

K.W. 








24 . rio D 1 S 4 CftHO N'o OF ‘oHOQT FOR V/R'T£R ECQ^OKl/ 


PRQttcTlOtV. 


l ihick OAele. 

£q. IVy. etc. 



WfeoucjVi al\ Wee 
possess a cuticle,, 
fie latter Verne 
.. va ftucKaess. \\ is 
^uhori fe {acl that Ike 
\ rate caueuW evap- 
oration depends. 

When Very (hicX, 
adieulax 
transpiration 
(Surface 
Evaporation) 
is reduced 
to tie tflvqicuurci 



5, Cork Covering 
tt*\llaxy bud. 


e.q. Potato 


In addition to coveric iq the 
\ aerial stems ^ veoady 
perennials , a cork, 

. layer prevents Water 
loss -[rom Ike surface 
c{ many underground stems, 

S . T^epression ot stomata tab grooves . 

eq« Rime , hakea etc. 



4r Massing o^ Wee in hosettes . 

eg. London Pride and 



X. Wax covering eq. Sea HolW, Cabbage, 
fellow Horn fo|p^ ifc.. 
"(his wa* covexvetq which is 
responsible. {ox Ike y 
bloom " on many { uils 
and leaves, aide the 
f Cuticle, in JjKev/efltiaq 
evaporation {xom ?he^ 

' ' y '\<cd\ Su.x{ace. 


RdaS 

flan o l fear averse section 
of the leal'. 
^ 



fmas . 

Iransverse Section 
showing a Single ‘doma . 

^Cuticle. 

Ve«5-<i m xcx fpid^mfe* 

Hypodermic 

,,, Guard Cell 
fc stoma. 

,^W^4\ntecctlUlaY 
^ A lV “ fl * s(>ace. 


Resia dude . \ / fec^ny ll 

Grooves in 
which Ike 

Stomata. lie.. 

Ktsophyll celta| 

.. with "\C 

a like ihqxowtksw 
increase the 
photo syntkefec sus{ 

In many *«optayfec. leases , the 
stomala. axe 6unk vntb grooves , 
in which the vyater vapour qwen cSJj tends to 
Colled, So reducing {uxthe* 

Water loss . ^ 




other 6 a)ci(xaqes 4 

"the lea\ surfaces axe close 
toqsttier , and So 
1 chambers in which 
the Water vapour 
^q\Vea tends to 
(Cumulate, thus 
preventing frther 
water loss. 


5. 0ense. aov/eana of Havre 
_e.g. Laxn^s 
Hairs serve p£\ Sax', 
to impede j 
the escape of j 
Wafer Vapour 
which is 

Uoxmalk/ 
xemoved 
{xocn the 
Su^ace 1 


by an cun eats . Ihe damip cu< rv/ /( , 
laysx which thus acc.um t aloJes VVfJ 
vntruh the houxs greatly Vsdactsw 
{mtker evajpox alion {rom ike \*d{i| 


^ j?o\le<A kave-s . €.q. Kla«am afa'S.s , Exica *&.. 
- Itanavex'ofc eectioa y Kcu(a<n qta^ lia| . 

/Lower ebidexmis^ 

r SVx£nqthenihq 
cells: 


Hairs 

; Stoma 
-iv'd Vascular 
bundle? 



Plan ^ d the txonsxexse 
lection 1 o{ Hakea ka{ 

SLoina d[ Hakea . 



-tpidixmis 
.Palisade tissue 
‘VasCulax 
bundles. 




Guaxd 

celts. 


\fecy -ftuck 
wavy 
i Cuticle 
fepidecitu** 
Palisade 
tissue 

tnfexcelUoY 
" ‘opace. 

Suenchyma. 



■fllolioS'fcillittic 

TiSSat 


/Callclt 

fh»h - 
,V(ailtd 

Cells 

vdiveh 
CauSe 
Ifit. Itaflcfe 
to o|i«i wKtc7 
fuiq'id a<ul To 
Coll u.b wW 
flaccid. 


HaSxs. 


dakea , (he fluefeahan desexl plant, hke 
Skas hae> centnc lerves. 


Iht thin- Walled cdls 

\q tlaxxam quxss Xeadily take up moislute when 

Wafer is arcu\abte ( with the xesuit that Ike leo{ opens . Oa (he f , « \ 

other hand , fiey Soon lose IhaV moisture when tittle \s obtoinoJaie .So'lkat mey shtialy 

and Ihe (ea^ closes. 

^ . Ixansverse sedhon £ Mi A* 

Enca epidermis 

i^PaVsode layer. 

^ e>poaqy layer. 

i . , . . N t Oscular bundle 

\n avca Cn*a<h) Stoma • 

and tdariam grass 

fii e water vapour coWecls In the chamber {oxmed by Ike rotting cC Ike leaR 
'fhe hairs {iuther assist in impeding Ihe escape <4 Ike vapour {xom vfie chadpei 



MODlFlCR-noNS OF <bHQOr FOR WR-fE,re eCOKOrdY AND PROJECTION. 25 


btootfl. 


Plug o| fot ftatiSVfcX'jt, stdiot? 


Shtttqfiefl'wtg 
tissue 
Phloem 


R^uddog of Dfe Ua^t 6u^aoe. . 

finite. dhe mail ajtis bears dwarf 
I <&oots only, each feftaiti- 
\ I I / / ahhq in two' 

Outer layer \ \ | / // ceatnc 

of palisade W \ II / / / / ^lenVee. 

Ocfe. 


frilbexty . 




dollar y bud 

rtrifoUafe leaves. 

foAoa of the transverse eectioa of fcroom eterfl 


Vertical Abe of tissue 
running along the length 
of ffi?o stem, which are 
well provided vtiflri 

OS Siniil ataxy tissues 



““Gcaie leaves. 
Horsetail 


6 foliar 

'llUS- 


Sloma" 



Cutvcfe 

tjpidtfrtUS 

PaliSaxfe layer 
Cortical celfe • 
Streaqheciii'iq cells • 
‘Phloem 


Xyfem • 



Leaves 
reduced 
to scales 



fibbed stems which 
function as otqans 
of food raanufadiae 


'fee reduction of ^ 
he leaf Surface 
reduces the 
RanSplration 
rati considerably,/ 
but at he Gams, 
tuns, fee photosyatheKc Surface is 
isssfeaecl L . 

Inis difficulty is overcome by 
the stem becoming assimilatbry as in 
(broom , Horsetail and foilbexry . 

fee stems cms greerz t w'dh closely 
packed assiohiladory tissue towards 
the outside > and axe furrowed or 
vfeqed , so as to increase fe 
feotosyafeeliC Surface. 


Gors>e 


\ti Gorse , both 

and sW& 
reduced to 
j? , which retain 
waited tissue, 
watex- loss is 
reduced to a mlalrquiq. 

Ihese spines also sexve <& 
adequate protection aqamsh browsing animals. 

In Hakea , fee Rustralian desert 
(plant the leasee axe represented by Stiff 
spines. 


Cladodlefr . 4 

In faoaraqas and fcidchers broom 
the leaves axe reduced to scales 
the stems become flattened aad 
leafllKe, fbxmmq C\adodss.lfi<tSS 
axe well adapted -for assimilatory 
purposes, and yet their wafer loss 
very little as compared w\th that 
from a dorsl- ventral leaf’ Siaface 

of Similar Size 





When 
fmt leaves of 
, bMbexry axe 
shed, fee green 
stems caxvy on 
the photosyatheiU 
WorK. 

SulcWb fofooori. 

cladode. or 

{iatfened 
like gW 3 with 
twisted base 
by which the 
dadode stands 
vertically. 


dUll\a*Y bud . 

•6cale leaf 
flower. 

leaf. 

PtwllocUs . 

In flnst'falian Rcacias . iKt jpttiol4- 
fflt cocaboand Itaf btca<n«> {la.lfea.tA. 
cuiA \ta\- U\te- , auA -{uad^ai pVioVo- 
<bviafits.li catty viViilfe- tfet compound 

lacniaafe enasaettw- 
kFc oC %. you.n^ 

feawutq the 
bhyllode^ 
fo ‘carry 
oa Ihiir 
tusactiou^ 


Many Kerophytic. 
ptanfe bear sbvcious 
which iacidenhy serve to protect 
Ihe plant from bxoWsmg aaimafe 
lhat this is so may be seen in 
Such plants as hotly, where the 
lower leaves have spiny margins 
vdiile those out of feada have smooth 



ones. 
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Old’q'tovjfei o\ fe 
Fct^-bast 


to. FI nucnbt* Q\‘ plaafe ptockae efovcKa whicV? do uoV abixax to havt 
much conatdiorj With 'qafe loss., but probably Stwt modal y as - 
a mtoft'b o\ dt|uic& aqaVi&b brovtewq ammols . 

focub £iW - 

x' Ovdv<iaxv{ 

{oliaqt ItaVts (fit 
dwa<l staooV cuftiaq in 
tfvt oum\& of Ihfc 
\io\ saints. 

UcWtfc on Hvb lonq shoot 
Ytp\ac«.d by 3-b<Qct<diid. 
spmts • 




la 

Gooasbfc«>p 

IfSSESTnw} 

bt StmjlVo o< ^ 

b\andltd and ait — 
mod\fitd outatow% > , 

~ * c to led bast. 


Kteiflia 
"PIkiIIoxv/ bud • 

-Scale lea!f. 


11 . Succulents axe xexoptwhc. plants which stove up Watex when Jr is 
Available , and tfi z<i use ‘it during latex periods of drought. 
\nSome cases (he leases alone cue Succulent, 
while in olh exk Jr is the stem 


Cxassuk 

“H leaf Succulent 
which bdonqs. 
to (he Same family 
as does the 
hujlish sloneciop. 
"this South 
African plant 
{otrrtS large mirfKC 
stonea by "its 
globular form. 


V 


Klelcaa belonqs 
CompoGitae , while Mammilt 
aria belongs to 
the Cactoaxae, a group 
which Vo Confined to me 
warmer parts of America. 

In both, the stems 
are succulent, ouid in 

/I Kleaid the leaves 

/■! are reduced lo Scales, 

while vci Klamm ill ax id. 

(he leaves of Ike shod 
shoots are modified as 
Spines. 




tlawfrbxv? . 

6tern spines 
arising Va the a 
of (he {oh age le 


Leafy 

slides 


‘pedum acre l6Vo<ieaofi ) 
ft common 

bdtieh plant, whose leaver 
ate succulent. It thrives 
particularly we\i m dry Xo 
places, and is {ourid in 
great abundance on ston 
Walls tic. 

Like most other Succule 
fiqattdl here Stoueaop lw 
id places which ate 
“^ ysical ily dry H (where Ifo 
Me moisture )- 1 
aesexte 

L^ucculent leaves. 
6mpervivom (HouseteekN here the (lesh 


Common 

Xodv garden 
plant. 


leaves fc 
ado* 
yoss 


Kesembtv)anthemum - 
Another widely 
distributed plant 
With fleshy leaves. 
Prevalent fftfouqh - 
out Africa and 
California- 




Hammillaxia 
Short Shoals 


fleshy leaves 


Glasswovt 

( Salicotnia^ 

In (his (iuheJn Sea 
shove, plant the S 1 
ate succulent and I 
leaves are Yed< 


modi\i^a. as 
spines. 


In add^ioc7 to Ifie 
reduction in sixe of 
Cactus leaves , maavy/ / 1 
Show a further modification o\ (he 
reduced leaves to form sbmous- sltuctaXes 
which afford odequafe ptoVediort against 
manv/ animals . 



Glasswort like few 
other Succjutenfe , lives 
the' 1 ph^siotoqicaWy dry " conditions V 
of Ike seashore. 

Although there (way be an 
abundance of sodt water iWs 
cannot be atosorbed by the „ 

plant, Ute latter depending ^tem 

entndv{ upon the Xaiq wafer J \ * 

which it absorbs ifi quanUuts and immediately stoves. 


Kode. 
Succulent stem 


(vi.W-rt^ 


iHALLOPHYTR - STRUCTURE: 
E.UGLE.N R 
fiouR 

Fla^sllotti. 


RKD REPROPUCTlOK 


llaW individual 

Contx&cUW. 

Vacuoles 
Reservoir 
fye-spot 
or Stigma M 


Kudins 
fyenoids 
chloro plans' 



Rsgyiual Repyo^ucltor z, 

Lott Adfial fission of free- swimming 
1 form. 




zr 

Asexual Reproduction 

| Division of encysted form 


Mature Individual. 


l?ib< To encystmehl, tuqlena. 
Withdraws *fi> ^lagilWl and -jotta* 
a Itiick gelatinous Wall . After a 
period of t est, fie contents of fie 
Cy$t divide. longitudinally* and fie 
dauqhltx' individuals acquiring 

•flagella make fier way from 

CHLRMYDQKQNR6 


Division fit body 
is from fie cuderiar 
to % posterior ^rtd. 



*stigoaa 



Asexual Reprodudttori . 
b) 


Colour tees 
papilla 

6figma. 

&{£ Spot 

Nucleus 

Chloroplast 

fievaial RijptoductcQa .Yfvocn ftitsch and Salisbury ) 

a) IsoqamouS Ccm|u4atiQC7 . £.q. C-pertvi- 

1 A / ‘A », 








b) flaiSoggntous ConjagahotT £.g. C. mortadina. 


Sdtnella. stage. , Under conditions which axe probably 

unfavourable, t he parent wall becomes 

y mucilaginous , and (tie daughter cells 
x foil to develop dlia.iKis may be 
kpeatid iaief igifcly - formin g large qtla- 

— tinaus 

masses. 
On fit 
return 
'of more 

ivourabh 

Additions, 

, fit daughter 

cells acqiure alia . 

Irt most species of Chlamydomonas , _ fie qatneles 
are alike and madly naked. Ikey ante, as a result 
of Segmentation, as in (he above process, except 
fiat mote daughter individuals are fomued. 

|n iso gam o us Conjugatioc? ; fie gametes appear 
similar, allftouqh liters must be Some physiological 
difference, as only fie gametes foom different 
parent individuals Conjugate. 


daughter individuals 
"which acquire a. 
cell wall, and two 
alia, so resembling 
fie parent. 



Kioto gamete 



Kacrogameie. 



Kuclius of fit 
licrogacaete 


[Nucleus of fie 
Wroqamde 



fusion 

nucleus 

Pyreaoid 



6PHRERELLR 

(Known also as ftotococcue or Haem ato coccus) 
Mature Individual 


In Chlamydomonas monad ma , fie. 
gametW differ "in both siie and 
behaviour. 1 

When irucro gamete and _ maexa- 
gamele fuse , the conjugation is 
anisogamous . 

As a result of conjugation 
a zygospore of varying charac- 
ler Is formed, accotdmq to 
fie species. 


Cell wall. 

altered pyrenoids 



PLLUROCOCCUS 

Single Ceil - Dividing into two 


Ceil wall 




^Vacuolated 

protoplasm. 

Nucleus. 


ihe green 
colour of fie 
chlorophyll is 

tytauently obscured^ . . 

by fie red Pigment - Hag malo chrome which occurs 
particularly in fie vesting Stage , when fit cilia 
art Withdrawn and fie individuals round fiemS^lves 



Dividing into four- 


Ubtd 

chloroptasV 

Plearococcus forms a qreea 
powdery mass oa tree - Ranks dc 

4 



|^£ach daughter cell 
rounds 'itself . off 
and qvows into 
, a daughter 
individual . 

K-Vf.K.Y 



^.' THRLLQPHYTR (continued) 
flsev-uol Reproduction 


Daughter 
Color! he 



Sffl UCTURE. 
VOLVQX 

‘5ur(ac.e View o| tanboaen) 

,\ a / ■ «*• 


and REPRODUCTION . 
6 emal 

febro duello' C7 



Gotufionetd cells 
of the Colony. 


\«*P> rt^ucllaqittous Wall 

Profo plasm {c. btidqs 

fl single cell \ Ldlia 
of ftie colony . 

Protb(ol<asrci^c_ 
bndqe- 
Mucllagmoas 

6P1RQGVRR, 


^^l^alO orqoq. 

,Cotnbonecd 
Odls. 




( female) 

orgac i 

iHicroqaaiete o< 
oosjohcice. 


m 


K[icroqamet< 


,eS 


u» 

Sptrmatazoids 


Vtqei tat life Celt of Spirogf ra 


ftrenoids. 


hucle.uA 


^'^taroplas>t& 



Sexual _ Re-prodtuctiorr , 

Scalar! form Coniaqatioti Laieml Coaluqahc 



Sptxog^ra. reproduce.?, ao/exually vegtlTalivs. 
means onlo, the. D'lamem dYaanvcrttiag '»utb Two or 
1 1 more. parts. 

^VGNE-PlR . Vegetal ivs C£\b 

_ . 'blax ■ shaped 

Chloroplast. 
Nucleus. 
Pat erroid . 

Sexual fe.brodadlQr 7 

Isoqamous CoxtiugaKot? , 

lh<t protoplasm (He. Cells 
ads as gameleA , and pass 
air the Same. time. into 
the Conjuqahriq tube, 
where ftve>/ juse. to 
jorm. (tie Z'/qospore. 


Zyq oeport 

Female 

filament 


X/go spore. 


(bu\uqatuiq 

•filament 




.Empty otll of nkubt Ife- 
contents have passed 
to the opposite cell 
of the adjacent -jllament. 

—Male -jilament 
Conjugating tube 

fUnsogamous conjugation 
Ike gamete of the mate 

t aenl passes through 
Conjugating tube 
to the female gamete, 
there to -jam the 
xygote. . 



idij 


•Xygospore . 






Coajaqahrtg labi 

-twbKl all of 
iida uil ooafenis 
have passed 
to fuse WiBrz 
laose of ihe 
n^iqYibouxiciq 
Qdl, to {o'fai 
ftie ^ygoie . 


VflUOHE.ft\R 

Xoos&ore. ^ 


l^uPTuXed 

Slpo<acraip<n 



Vogaa , sporangium 



Youjgq Vaache<ta Plattlr 
developed ^rom ffte 
Zbc " 

Nuclei - 

Oil globule^ 


Rhixoids 


la (he 
formation 
of fie 
roas^erte. 

Ifie tlb 
of Ifie 
branch 

becomes ^ 
Swollen aad\\^^ 
Cud off from (hit 
^lament by a 
oross * Wall To 
fotca Ifte 
Zoosporaa^iocn • 


Lmpfy . 

Sjioraaqwm 
Ihe xoo- 
SfkMe 
hdvaaq 
fcscajped 


gfrarmoloaoid 



fertiog of peripheral 
Zorre. of xoospo<^ . 



Ooqoniotn 
Whidi at 
triatuitl^ has 
oaly oae 


Kucleas 

a 

Ifue nuclei 
take up KrtW 
posltoq at the pex^Weifv/ , wfcli opposite, 
laclt nucleus is a paw cf cilia . 

‘omal , . . , I . i 

PfudlaqinouS lip wtncW Dt sails aowcT 
v aad So allows tfte 
of fixe 

v <3perraaJbxoid. 

Co'ilid auth.e<\diu(n 
globules. 



M.W.Kl.<T. 




Hie blciliole^ GpSVRiatoZoids escape by ffie. tuptwCe °f ^ Coiled, 
acittiexldioin. One enttfs ffie Oogoaiuta , whe<e- It fuses Wtft (He oosjpkcxe 

fo form fie Oosbore*. 



Protozoa . 

AMCE.BR 


6 av(acL vie w . 


STRUCTURE and REPRODUCTION . 
Rsfolual Reproduction 


Z.Q. 


Ectoplasm 
Endoplasm 
KuckuS 


Vacuole 


B 


Seu 



food 
vacuole 


t binary -fission 
Here the nucleus 
allowed bv( the proto- 
plasm divides into Two 
r halves. Ike resulting 
daughter individuals 
Tesemhle the. pax-sat - w 
all bid sire. 


2. KlulRbE -IWon Sp oK formohoh. 

' ~ c] Sar-Tacs View' of ulfc frfcf . 

flinceW . tacit dauqtite/ fUtdeas 

iae \/svg< 



iVA* 


encysted 

hv Section of fee Cv/sh 

Ruckus of the 


Suiuouctdkd b y ci portion 
of beccpH^al proToplasjA 
lovrks tta daugktax' 
’kdiViduak or Spores 


Rwktionv 

Yttfbult 
rtiarortucitus 


VORTICE.LLR 



Cilia of the 
" disc' 



flsfcKual Refcroducttor 7 

afuWik ^Qd'bavT fi&Sioff 2.1 Labx stags of 

vacuole 


C\jsV diviSss into ^ ^ 

a tauqe (lumber df aP 

^ flnfiptJas Wife 
H* r ° T'M bLtVd pseudojjadia 


^auacWu*. 
Myoph^ . 

■ sSiauou 


N 3)£lickjci 
'fii&trt tfe. 5 1 al K 
divd . 
Swinuaittq 
away ^etAy, 


Lr^itucW 1 

-fedOtt by 
Mudt oat 

Vltttaiits 
attacked 
lb fi*. stalk 
and fit 
ofitt -jW 
switnrnictg . 



0^ 'tfie. pfoVo\Aodottt ^ 

Vothr.dl a - Seeual rejoroduchorc 

:■) kai» p . i. 

ordiaaW -psior? . (gA hssiorr lo \ow 
£ frimuOflAfsT, 



Lata bfccoms* 
cUlacfied a[lV 
Abmiaq act aboYal 
s j cwdt of cilia 


f^xatutaurn -jvocn Ike lffi 

ftntaicK YacaoW. irt Systoti 


. filter swvmcmaq 
mv 'fecly, Jr 

attacked by lti<c abocol 
Ckck op cilia .later 
-^OYcrTinq cx. stalK- 

rlsqauuctas . 

tfeoaudais. 



lb) Conjugate! . 

Or^ tn<Widu.a\ 
uactexqofcs 
i rejptatad dvVteiorz 
Ib.'foxai 6cnall 

^oajaqdtcU. . 
iRe covrjuqartr so joxcaeJ 
-fits£js wifi: fit ttormai 
tl/b^., and Coaibktdy 

absovlxd by (fvt latttir, 

(^Rmsoqontoae Conjugation) 


PhrrmsciuM, u '^feis 


DiScWqtd 


KejpYoduchort 

( [Soqatgous Con |uqaho^ 

feihavioy o- iiiapnacld 
da<(ng ht pYoct 66 Conjuqar (or/ 

litcronucka^ divide tWies- 

R^daclfibrr division ((^£10^16) 

ikvze. T^albrcq Stqmeufe di^pcuC. 

fbucdh reradinicrq 6 tqmtx& divide 
info a. 

ana 

is ^oanecl. 



frickocysl: fix tods Uitduldmq 

^iutinbran€. . 

" two Conjugaais . 

KltqaitucWus . 
Aia'oRadtu.5. 


Idrqe 

6 \nall 


£zxtfa\& bronucku 9 

malt pxoaackus. 


?ygofe 


{ NftmtlOclluS 
' d\sajpp£axsV .0 

KtsuiEtq xyqols divides Va 

Hixss tfmts SuccsssWsty 

So (Eat Itts. body Contains 
Siqht nuclti 

Each conjutgaat novx Un/idss 
twice , Saab; Stgatsar < , 

Coatairfiitg mo nuclei Which 
dvTcXeahale t alb , 

one msgauucJeas und 
oae iu icxo nucleus . 



Poshiio-i Vacuole ia diastole 

Food vacaalts 
_ -Cilia 

— Myopfion stviahon 
P'-. Position, of fe'mbo<a<v/ attus 
Oral qioort. 1 1 1 


|At In Binary lmttsvs<st -fissioir 

(jluTv -{avoidable conditions 
this habptits [wo of thiee 
tiinss a day. 

Depression. 

^ H conaihoa which might - 

be teqaxdtd as ola age. . 

The tneqaciadius is abnormally large 
and the body SluciM. Deulh of 
the organism -fVequearty -follows. 

In lls early stages ,'i precedes L (he 
conjugal - to a 



lr( Conjugo-tida 



process 

.Plegunucltus. 

Ktcfo nucleus 

KI.W. rh.T 


50. CCEL.E.NT£RRTR 
Hydra . 
Eitfc rtdt d y 

"h, 

Cbrtkackd <5t~afe- 


STRUCTURE. artel REPRODUC'D OK 


V 


HYDRR 

ft 


#• - 4^- - fj 

„ ■ 
.,-r /ir 



RepYoHuchou - HstAual and 3fc*ual . 

Lotiqdu dieted S&dtoct of Hydto , 

skowictq IRfc < yd[ ttv £< ^ g^oa of fUa . 


^S toWiitq Htt ovg<V . 

_T) isc.Vtax<3«jd 


%&kzdr f- i fL M 

C fi'M I 


JO&5>tS4WA „ 

-;Y bafeiis 

aiidoblasti 


nmatec^sb 


DauqkbcY 
Hydra 



| tentacles 
1 Witft Ws 
batfoaes of 

atidobladfe 


lort.d‘kxcliridl SfcHtott of a 
pothbrt of tRe. body Walt . f| ^ 

aoi «te^/“wod um % 

i fe; . 3^ 

,deus. 


Flaqe linen, 
acuoles- 


Sycnbiohc 

fllqaL. 



KucUus 

Itibevshlial 

CtUe>. 



Cdkatedc cavity 
CouVirtu^ii into the 
Ifritacles 

Male xepvoduclwe orqan 
ox te^Iie 

DauqhFec Hyd^a 
produced aetiualk 
byabroctss ' 

V* of buddutq 


GidobUst, 

Bgfove diScWq i^o [he 

Hem^cysl' ihvend . 
^ Cnidocil 
. Baxbe 

-J^L fd ^ra ato c y£>tr 
^^yP-lhvead 
^^ucleus . 


Coufradile 


iav 
avou.txd 

CoaR’actiley 
. i processes/ 

Wkic.Vi tun along ^ n r- i . r\ 

ft«. body. , OBEiJA 

fkoiual RtpvoclucKorr . 




fl pQxhott of Ife 
Hydlroid Colorty . 
wWl YtbXOQUCtd 
astX-Ually, Rating 
•fret- swimming 
Hajusce . 

■Ifce latfev ok ^ 
feackirq matiuily 
qwt Yitt to fit 
Ytpvodaclwt 
oHjaas or 
dotrads 


P^edusa bud. 
.QodotRfca 

t^la'oVo style. 



After disdiaegicta lilt 
ntmaiocysi thread 
4 al Large, baxbtd ti£<uatbe/si' 
Wkicu has a paralysing 
and numbing effect 
Upon the pxty. 

‘o&aial RtpYoduahod 
Strualw Wrure. 

4tnaly trvedus 
t |<otn bdow 


Ectoderm 
Htsoqlctd-j 
Eudod«itt_J| 

(cekrtfei 


' transverse^ section of Hyd ra , 
skovfing (fit. 'Testes . 


XCKl- 





LoridiKidirral StcEon of 

Qbdid Iwdrarcfo * 
Mouth' 


testis ov 
male 

teproducbve 
otqarf. 

* ^\^percqalbc\( Fe 
2nd? qWvdq 

xke fo a. 

Spervaatbxoan 
b) fl ^mallex numatocy^ wiltioal* bdvb^ 

aa5 abundant on the, Ttr^aclee. 

Used -jov the altachruent the tetdacies 

to the |3vey ox oKW objects. 

c). fl sp\<al necnaiocyst 
vVktch is very iffroenr \d 
‘tntau^lihg (he pxey. 

.Radial 
Canal 

Avcula< Canal. 

Diaqrancfnakc Longitudinal ^eahor t . 

^ of the rheduSd . 

left half along fixe fflqkl' half betwtot fat. 
Vadial Canal. ^ radial Canals 

■^Urritvclla Sux^dC£. 



osum 

^Viaxually ^ to 
dnothex hydroid individual , 
wkidh on the production 
oC bud?» joinvb a neW 
Colony. 


M-^nlacie. 
Hypo^fome. 

-Hy dp theca 
hudodectn 

Eclode'Car 
“Cndoderra . 
Mesoqloea. 


Canal . 
betodexm 
K^oqloea^ 

hndodenn 
Gonad 
fiadtdl canal 

Cncala< 

Cana! 

feRTddi’al 

lentacle- 

fldxadial hatade^ 

lntt<-vadial fentade 



ubumbxdla 
hndodexm 
Wella. 
tianabxium 
CtVcula* 
Cacial . 

tentacle 
"(Govt- of 
£ndo4vtr 

Velum 


LUM 6 R 1 CUS 

Blemal ft-aUr-is . 

Tamed slightly to out side 
in ordev to shoio fits- 
Ggrntal pores . 

Prostomiom 
rtoatti — 

‘opWOTdftliCal 
apeitafes 

Opening of (Kt/§L; 

Ovidud' "~~~~. 

Opting 1 Ifc 
Vae, deferens' 

Sperm 

groove 


TE.RRE6TKi6 


E-retth worm . st. 

l)\6i>ic[\on -from Tie dorsal Suyjdc-g- . 

^° U ^~T~~^pv'k ‘ouJpf^ oesoplraqeal ganglia 

* collas of circumjotoavyt&jeal 

Corntrh65LLX'i& 


|pdi<S of p£tudo-W < l's> 
(contractile. vessels) 

(7-11 ((idasivl) 

-Flnttrior \ aWa\ 

Vesicula Stmiqalis 

- Past postenov latecal 

Vestcula stnunalis 
^ ^"'Second posterior lateral 
Vesicula SecniqaltS 

-Crop 
Gitxard 



-Intestine. 

dntsstmal (parietal) vessels, 
(two pairs in gadt 
Segment, connecting t! fit 
Dorsal and subneuval 
vessels) 


s.Hep'hfidia of es-cretory 

tubules in all Segments , 
<oa:ept Hte -first tHfee 
and last. 


Ciitellucrr ^ 

of A. 


M.W. K.T. 


if' 


III 

1 


32 LUMBR 1 CU 6 TERRE^TRIS - ERRTHWORM . 

Mediae? 'loncul'udirfal aeohor? o( fe anWeiof pad of the body - 

Postavo* latexal \fi4.icula SinninalA 

15 i4 is \\ n o( hi. atsopnarjed poudr. 

> ffejiVtvidia 

jiaiy rt* 



•oitpra- oeso^haqeo 
,qanqU’oi7 

Pro£>totriiun 

\/ A 
~ Moutta . 


Opwirtq 
Vae 


&6\itiox vtsicula semirfalio (tn<cdiaa) 


^ tana ' oo«i 

^ .itltfcuor Vfc&iculn ^iaiwtali^p (median) 
Serrtinal {u.ncie .1 


Ric?Cib^ feloo d VcfcS £.!&_- '|\|pVilo^>o\i. • Qfsopbaq 


T)oY6al V£^>e>el 


Fata 6- heavfe 



^ubva- ot 6 abhaq& 
^ ~ — Via. 

tfotfe. 

co\la< 


Vloartt 


(SxtvdaA Ytfcwk - ajpair in each Vta^al fe>fi cord . 

teqmtcft- *acU T*cewic7<] YecoiU {ram body urall. 

T)iaqram of Ife 

ifeproduchve. 

Organs (Dorsal 9 
View) 

(\titajua<’ \aWi 
VeevcuAa senucialie. 

fireV median 
YeSioda Semitzalis 

Second median 
Vt6icu.la semirzalis 


first posterior lateral 
Ve&icala seminalis 

Second bostafio<’ 
lateral 

Vesicula “Seminalis 


Kl.W.K.cf. 



Sab-nCurai VtS&d. < 5 a b - intestinal Vessel. 


Partly affcc MavsViall and HafeV . 

fteceptacula semiai^ or 
5 p«mafieca£ (opening between 
9 and 10 , io anci 

. < vixai<7<x\ pLna<ds 

Yas de(«eris- 
Nerve cord. 


Ovary. 

Ifcceptacullun ovbCum- 
Oviduct opening on the 
lV- Segment. 

Vae> deferens opening on ifte 
I 5 ,h Segment 


LUM6RIGUS lE_RREtoTRl£> - E.RRTHWORfr'l 
Diagrammatic. transverse. Station through frit intestinal region o[ the body . 


53 


/Dorsal pore.. 


dorsal blood Vessel 

fVPaV (lortq) \oo]p of the 
Nephridiurrt 



(oUOtld (_ < S>WotV') loop 
of the Nephridiom 

iWl (fcaniaab loop 
of the Nephridwm 

NetpWdio'pore (eitemal 
a| pirtSuft of the. tlepHridium) 


Nephraslome. 


Tiiaaratn df frit. Kebhridium 
l 'Teased oaf) 


N{JphruliopO<e / 

olptrttttq 

to the 



d- hist (lorfcj) loop - narroW 
intracellular tube, Ciliated 
irt part 

.Stoodd (short) loop, under, 
aad intracellular tube, 
ciliated throughout, Itte cells 
With granular protoplasmic, 
coafeafe. 


Cuticle 

hpidemns 
Circular muscles 

Lonq dud trial muscles . 

Yellou) or ctdorarjogenous C£i\s. 
"typhia Sole. 

(Muscular layers of the 
intestinal wall. 

Epithelial cells (iadoderm) 
of the. intestine 

H-S>eta 

EnVeron or cavity of the. 
Intestine 

Coelom or body caVity 
Ventral Wood Vessel 
■ Giant fibres. 

Ventral nerve Cord 
S>ab- neural blood vessel. 

Nerve. 

TWq ram of fee. KtrVOUS Gyskcr I 

ira-oesophaijeal 
qaaqli'a 

prcum - oesophageal 
Commas u.te£> . 
(Nerve collar) 


"third loop 

lifted by ipiltzeliona , 
which is non- qlanduUr, 
bat contains interlacing 
muscular fibres . 


('feptuostoine (ciliated mouth) 
of the. nephridiom, 
opemhq from the Coelom 


“Septum 



Ganglia of the 
Ventral Cord. 


beta 


Removed -from ihe “Seta Sac - 


/( 


Nl.W.K-1 


34. 


flSfflCUS 


GRRVFteB 


Extaaai Feahu&s. _ , Gwdtcvc. a^ori of ikt cataract 

' btanchiosltgik, V — -r ===--7^^— 


View -fiotn % xtgViV side. . 
lugo- 


Q< OO'/t.. 
,(?osV<urtv 


'ABtaaalt O') 



6" flb4orf\ic|ai 
ajpjptqiojgt (O') 

(Uropcd.} 

($utU a?f«K feoKadaif^ n . . 

tYom\dCu\u2>. 
0^hff\a\cnic- attavf. / Padfcttctf 
ftnWflaw G(Awc 


tUpodlC. 


°S”^/ 05 ia ,_y? $&{ 


fla^iov qatfti’c aiubck. 
Antaviuli., 


\ axt$*(. / mu*cb 


f&elcdxAlotfl. fktf.o*' muscke 


deneot muscke?- 

3 yT)oT5al abAon\iaa\ axfaty. 


,rtihd qulr. 

Abdominal 'liscfla, 

7 S 


x6. 


fa W{a ^ ^ 

^UXtbtdl. , x vi-jj >r^, • — ^5 
' qaaql(a/ lN/€X £ 

(6ua« 4 fe / i 


Riqhl: (Wa.- 


•v^VtxiRoi r 
iSiotatui axltX'/ 




fidattAiai Svqite 


„ „ Vwtfoi wt cot A. 

. r Umbs , 

^tx\iobu<aqxna\ ekiidoci , flbdom\<ld starcia i/un 

-Ovidudr. ~/ / v/ 

-Openiciq OVi'dudf. 6^ flb(W<ld liaib'ot ( 

bVQpod.. 

"Tragtavmse frtcW IftouaVi ftvL 'Itiofo* . 

.-Head 


(btfelfcot mueck 
o\fe dbdo<ne<i. 

itacurtexee <0^6*7 ftytouaVl foe flfadwveq . 

Bdexi&ot Kiueck 

, . L ^ ftbAoctiexi. 

^ 6mqcta-CdAac 

Wts . 4 ^ ~'^v (Eftwxft WM 

' £uau£) 

Fley^ox muecle <^ 

Wit- abAotfitd ^ 

fltocx it ves-btl % qdk 

£^«it ve^d d| tie qdl: 
A| Vt*il<a\ blood S\qa<b; 

Vtqf«d ^ynh, a • i 

rvuv/t co<d. J/lI Eudo' I'yij abdoowial a<fec\| 
bxo^octte. -'"~Jpf j^oAJiE-. Exobod'fe- 



: ftxfeb<aaclri . 
PodobxdqaVj. 
PltiifobxancVi- 

cllaraba. 

i.CWat'l 

[Htbalo- 

r fja«trta5 

ot''Uva “ 
Hiqd-Qid 
(Pfocteddiu.rfl') 

_ Endo'ph'Cttqraal 
^ ‘bKddfofl. 

^■\t\([t< lav|tx) bmqdaio- 
avja \ ekqdi. 


VtnlSal n«s(t ^ Cord 
-VtnW\ Ino'faac a<ltxv/. 
^ ■* su^'pl'ji'aq 

leg. 

M.W.Kl.(F. 


Kale. Garfish . 

Organs in Situ, 


itermcue 




nyi- 
b\acK. 


(WVfcaor qa£>Uic- 
' ‘ musd^ 


IptlftuiirfiiC. a)rW<^ 
RaWd^'f aitar^ 



CRRYFl&H 35. 

Diagram fos. Grculodior; (.oifer and Hasv'fe.lO 

tWd and curies art dotfed. ^ ^ ^ ^ Q%$d b\oo<i 

M t/Tf K 'f /Ot^Wudiai 5^5. W — ' 
^ bWali .,^22^^ 

’£|jttfcxd b(ac[c^(al 



5vtiaG- 


^ btaae^al Veuj. 

Stixcioi ^cius. 


^ qaeVuc- 
Mufcdt. 


fyloai. 
ctataba' 


U?V haV^ of fe fiovaafriaAiifr ^oca Wvftutt . 

Pr^wUa <Wc UWl /, Ur °i a<4iac , . 06£> ^, 

1 • • • 1 ' *" ‘ L -^ummnn^ — Cardiac. OSSiag. . 

■PpcroCatfdiaC 
o&side.. 


HtaiV vUtH oslia.' 

Vas d^««ia 

Oavaal ob<Wrna\ 
OxfeW. 
flavor nw&cks 
o\ ifvt abdomen- 
s'll WoAata\(\o\ 
Wmb 


‘omsa Organs (a(t« &0'tfadad < tJ) 
Uft compound e^e. . 


Outs* 



ftrgVrlr ftnWuk. . 
G£ / 


pigment ©clsj 

%W{st_- foe- organ 

wtndt laabk-S fit an.'ioq.al 
Vo k eamlibvOotfi. lt ~ 

(S a small Sob , \inc4 wt 
W<s. flxd. Cogia^aq 
grains Sand . 

Ycut to «W 

-/•/"• /"'/! ^ ^^Tfetalac Y^tlil 

Hl.fc rn.orynan.V olj ji\ . , , 

alfords fttt. titaasat^ StoalahorF 7 bjwoopr. 

UngduAvrlal Sediocl of £>fc . / bnatack ’of- 

basal joint 

OnwiaKdra, 


Ina« ^ 
refractive, 
boAvj or K :. 

rViabdrxne- 1 ? 


HiqA- 
qal 

Which 

fe faeces 


Compound 

jingle Omtnalidiutn . 

.CuKcalar ^aced 
tpidexirus . 



<*/q ocoxdiac 
ossicle. 

•Oesophagus. 


Open«iq of the, 
fills, <dact- 


HmuW 

tooth 


Cardiac, 
chamber - 


Dissection d Cto^tsb . 
showing lie. Central Nervous Sc 


UnWide-r 
Optic new 



‘.Vitteil ae or 
/Cde which 
S ea&te 

Oi'js'ca.lUilt. cons 
'OwstaW 

Coas.. 


Plasctas 
vrViicli mews- 
lit <£>fi. 

li.WtAr^. 


opttc 


jfetal aU 

c<ell6- 


|\tcifVcX 

P^rrvcXtv 
K^IXYc. |lbVtS> 


ftnknnvtlt r\a- 
f\aVt(\(ia utWi 

C\<cvut\- cyi6Qpha^td.\ 
Con\«\i^YU<c. . " 

^ub- 

qanqlbry . 
5taAiciq ueiv/^ fo 
Woe> S<ufo^ci4- 
fe- rao^fri 

ifioiacic 
qaaqlia 

Laac^vtiAvciai Commas ux 
cf Ytnlxal .coirA 

db(W<7^ ( l-i 
qanq\ia ; ^ 

q\V\c\q u«y<c 5 J 3 <a 

ro . V 

ftbioraiq^l 
hmb^. 

rUwfc to 

Vwad qut. 



^\bAovc\vcia\ 


uropoa I iuu 

■<i\sock J (art- 


36 A<ofACU 6 CRRYR 6 H . REPRODUCTIVE RHP EXCRETORY QRGRN'o. 


OXgaX[S . 

Ovaxy is three - lobed 
witti an internal \ 
chamber in which 
%. ‘cqgs axe . 

ohoxt Oviduds ait. aW>& 

<otxafqh.t and Wide 
and open to 
Ihe fcdenbx on 


-lilt, GrayfVedt it, dioecious . The generative oxqaxis K't j'n 
the thorax above Tie qid, and below the pexieaxdial Sinus. 



the proximal 
segment cf the 
Sxcond Walking leg. 


female apextuXe 

'Wo recent ly hatched 
Ctov'fibVi, Md^a 

on to nit aoaoni'k 0 ^ 
appendages of the 

ttloWtX. 

kxopodite 


(Dmwmq jpwlU/ 

Ram foonadade 
' after 
ttiodey) 


x ( ou,l( 3 . 
Crayfish 


faxxuiq takes, plate in 
Ikptembex and Oetohex , 
ana the eqqs art laid 
in Kovexnbtx. 
they axe large and 
ceatxoWitkal (. «iueh yolk 
which it concentrated in (He 
centre of Ike ovum) and .do 
noV h°tch until the -following 
Spxiaq. 


Vas deferens 

starting v from 

% junction 
of the 
anteiiox and 
podefiax 
lobe of Ike 
testis. 


Male oxqaxts , . 

IVit teedisis ttuee- lobed 
Ihe hist bait of % Vds defexens is rnmow , 
and much coded.. Ihe secbnd part is qlacjdu- 3 
lax, while the terminal pant is tnusculax in o'dtX 
to foxce ouh die Spamatoxoa. 

failed gulexioX lobes of 

• fdtie. 

,1m baited bostcxlox lobe 
of testis 

/Vas ,de(Waf 
Male xebxoduciive 
clucl) 


Aotojpodile 

Cftot. 

Endapodile- 




.Openma cf Ike 
Yas deferens to the 
.dexvox on the pxoruinal 
pa da melt of the last 
Walking leg. 

aled 


Eipexmodo^oan - Klole reproductive element ihese axe aqqxeq 
by a ‘Secvehbct from, Re Vasa defexertVia into 


SpWatophoies . 


Section at eGeonatoxoan 
showi'nq cabsule Sunk in 
Ihe head. 

Itrjoas of young GayfisVr 


SlpexmaWoaxl 

IpfiortV above-) 


Guxved 
ends by; 
Which thi 


wiucn mey =“ 

clinq to the abdo«uhal 
appsndaqeo cf Ihe nyotheX. 

Diagram cf the h-XaetoW Ota&x7 - 
f flftex Parker and Haswelll ~~ 

Tie qxeen gland ox Kidney lies at the base of tack antenna, and 
consists of ihxte part's:- . . 

(0 Ihe Central Saccule (.21 the outer conical portion , (31 the while portion • 
fit! thiee pads axe tided with qlaqduiax e|0iteliu«(. 

Ihe organ opens to die exterior on the pxovi<n<xl Segment of the dntenha. 



Amoeboid 
iodv( with, 
stilt auvtd 
• ^processes. 


fexfs of the 
oxq&ci m their 
tt&faxal 
positi ons . 


“oaccule 


Duct which 
Carries the 



-'thin • watted uxiijaW 
bladder . 

Vlhite poxtion whose walls 
have ihqxowths which _ 
axe vesponsibte fox the 
sfconqe- like teduie of this 
paxt 


waste products To the edexiox and opens to the 
edrecibx on the btovahoA Sequent of the dalennm . 



W\s of the oigan 
1 unxavelled~ 


Yellowish central 
Saccule 
whose 
intexiox is 
divided into 
numexous compaxtments 

Outex cortical portion 
which is qxeen and 

j of a qlandiAax . . 

tvdwoxK of anasWinq canals. 

Kl.W.M.<^ 


AG'fftCO'o CRB YflfcH. RP PE-NPAGE-^ ( fUopoAfc ^otkA tfoou^ou l; ) 3 f- 

■ Mu-A j. „. 3 !* jWiVtk, ^ 

t, --^ <»' p Qt0 j- 4 if\£,txVvbq ..,, Jfc, tndopoaiR,. 



6 . FttsV tWtllifo-Ae. . 
GopoAAe 


0 , fomt oSf m'swVibfi /\f x vVyy i. 

EciAohoAlti youseie. W attachment 

Q»t»Jfe fc b041 ’'“* 

o/ fedi tWilfo^U- 

lopo Aite. 

‘oggond tAa^lVpfcAe . |rj|'-~ft opoAta 

^V$a Cayboboctta 

i ilt 



^ ^ " '' iffi K^olpoAtti 


^qAolpodvW- 

foiAapoAfe-|i 
(LtopodJ/t. 

ffy , 4M' ft&stopodife, 

i\ w}:£\u& 


\oviaV ^ a^Tachmealr to 
bod^f vcaAl. 


iQ. fivbt' WalKiaq Ug . 


ttafo'poAAi 

Elo^odui 

v 'M>-t 6 <Alvo^oA\ti 
^ PolnV 0 ^ 

aWW<txA* 

Vo bodv/ v(all. 

tobodfe 

|^1 filp^odii 


£udo|poA\fe v 

^ofwA^odS) tt 6 j CQn - 4 . -.^^ ia ihAA Xaltoi 


V- tecWojDodfe 

i i T 

&a^oA>ti|p <ofc ^ dk 
CoKOpodfe J 

arihtrti: To 
five boci'j v(atl 

-Gil 


-LaeV 
StqmwiV 
d[ fit , , 
tnAopoai 


fodonvuts 

v A 

\ )fow opoaAI. 


" 13 tmttfo VtalK^Q 

Ug. 



> It 


Ba 4 ipoA As-. 
CowpoAAs. 


14 - , is. 16 . 17 . !&• 19 - 
flbdotfiirial flppnncW ;?, 
fet fltopoA . r ^^TkoftoA . 
1 ^ afld ^ A /FI 

Pl<ci 3 fiod 5 0 <~ u\ faltyomgJJIfl. 
Swtiwnsxtfe 1 | 

0\ UlcA^ ' j 


ac!r j 

CofiuloiroW il 
organs. W| 


epical PlfcofoA. o< 
Svarnrnvriq VooV - 

N, /$* aw. < d\«uWk to 

^Jn (^oboife m 3 *~ 4 ^ 

^ m - trial 


fiotolpoAite^^ tu^olpodi? 

IQ. ^ flbdargvcl^ w 

' !0 ^° hkWt, WficfepodAs 

fe> appeqcWje $ paw Wsuqiat, ||R 
» alSKt wi 2 ^ < 3 wuW. to foe «** 

' S&. bofo-sw&fc. ^ one fqu«d 

* Ud^m & & 5 % 

^ av<<2> tnodv^id \o\ 

^^^^AnctopoAvte eqq Cmwf'vnq 


3d 

Organs try situ . 

irurzcus arteriosus 
Right auricle 

Forilimb 

Verrhriclfe. 

Musculo- 
Cutaneous "uein 

Right lobe of Liotr 
Right oUary 
Duodenum. 

Stomach 
Small intestine 
Large intestine 
Rectum 


Hind limb lotlfr 
loibbed digits. 



Dissection of rrnr TeMPQRftRift 
(Ventral Surface) 

Mttnal jugular Hein BvMes shown with cross lines 

Innominate Uein 
bdauiaa uein 


Veins shown black . 


Left auricle 

Ventricle.. 

?iX\ Cardial cauily 
Gall - bladder 

Left lobe of Uuer 
Fat body 

Lift ouary 
Lift ouiduct 

tluScular body wall 
Skin 

Cut l^orhot? of muscular body wall With ft/e 
R interior abdominal Hein 


Rurlber dissection to expose the 
internal organs 

[Lift ouiduct has Sternal jugular Utin 

been Timoutd] Innominate utin 

Subelauian Utin 

Anterior Vena Caua (Right 

precaual) 
flight Auricle. 
Right Lung. 
Internal opening of fe. ouiduct 
Right lobe, of the Uuer 

Tat body 

fbsterior Vena Caua ( postcaual) 

Right Kidney 

Husculat body wall 

Right ouary. 
figmentid skin 

Dorsal Qorla 
Right iliac artery 
Right Renal portal Utin 
Right ouiduct 
Right Mind limb 



U|t jarelimb 

'Iruncus arteriosus 

lift auricle 
Left lobe 4 l' 0£r 

Hepatic U2 iC 7 
Gall - bladder 

Hebato - barjaeatic. 
r duct 
■Stomach 
Rancreas 
Spleen 
Duodenum. 


Small 

Intestine or 
lltwn • 


Mesentery. 

large intestine 
or colon. 


rtvmtf. 


Rflrm TtKlPQRflRlR - ynSCULRK < oYST£.M AND HE.flR'T 
flrterite- aass-liotdi *\ Oisstetioc? lb sbom ttu. Ifaseular System 


39 . 




if 

| 

§ 


Vgiqs ~ blaeK 


-fruticus . 

arteriosus- 

Subclauiaa actiry 
'lW]cue> attiriosus 
Riqht aurick. 
lanq 



\kn\t\c\i. 

Li us*- 
$ysWi c 

joibitfcj OUitft 


ena « 
Caua 

Rntiriar fibdorriitfal' 
Yiit? £l7fitir7g LiuiC. 


Left* foritanb ioilfi (out digits 

External jugular U*i<t j a f Ifc, 

i • r„ l flnVwior Ifeqa Caua 

Innominate Uiw ( PftcaU al) 

SubclaUiari us .117 

fulmortary Oiirr carrying OKygfcqafecl 
blood from fie Iui7g& to fie lift- outride. 

Ufr lan <3 
Uft auricle 

Cotliaco- mesenteric diuidinq into 
Cadiae to stomach and 
Mesenteric to boioel osid ‘styWixr. 

Pancreas . 

Stomach 

Hematic. |)orW utiff (cut end) 
Duodenum- 

Pylorus. 


, tt ' 7 - 

llturn or 9m all if? test i 04- 
dtstrjler/ 


DorSal aorta AwiAiag w\!io \^Vv\ ar\A Wft AratS. 


„ , Skir7 
Body ufall: 

-fuJO fplluic Ut-lflS 
joining to form 
ftaknor Rbdominal, 
Utin 


Sciatic jjiin 1 join to form Serial bortal u-ein . 
.Amoral ueitr J 

fSiloWA bladder. 

.Rectum. 


Hind limb Will? fbt. 
Wtbbfcd digife 


HEART - tool View 

(partly oflir 
Borradaita) 

Carotid oxdq 
Syfcltmic a rdR. 

Pulmo- ^ 
aitaitous 

ardtf. 

ftqVrb Ruxkle: 


H£RRT - ykr/j'ral 'in&u unlfi Walls 

Ttmou^d . (partly a|r<ur borradoilfc) 
CaxaVicL \otay<m\h 

Carotid arch. 
Sy^V^mic arct 7 
Pulmo cutb.(7to06 oxdri 



Tvunca^ 

arttrtosus. 


Lir/qaal artery 
Carotid 

lobytstilri 


Ybllfal Rorta 
. • #> » 

^ ^^ftnttvior 
V^a Caoa 
(Pc^aual) 

.Ufe. 

fl oriels 


Systemic ard? 
Pulmoculaytous / arc\j 

Stmi- War Ualut 6 
(second touj) 

Right: flu rick 
Cauum florheum 
GaUurn Pulmocutatnum 

Sixm-lu^at 1/Vxlucs 
tou>) 

UncK muscular wall 
of (fie u 

Columrzae. Carrtece 
(mus^lax jDroj<^lid<l6 



VinlYal flotia diuidinrg 
ir/fo Rjo. 

0|picria<3 of ftk . 
Pulmonary U€ir? 

lr i to (Re 
L^f- flari'ak 

0|PCaiW^ of (t?L 
^\0uS lkf7o6us 
info rt?e Rilghl" 
Raric-k 
Spitat ^aloe . 

Rutiaulo -Uenkcular 
tfaWs. 

fardoE. Tindm^ce 
Cauily of- ifti Uinlricii. 





4o RflNR I'e.MPQKnR'H - tWERtnu SYSTEM Venial Vifao - 


Irikrrra! GxifalVd^l^y 
diuj’cJicrg itfla ife 
0^ palcxTva<L artary loifoof aad 
sides o[ Itu buaral Cauity 
(i*)Cerebra\ a*Ttry fo (tK braicr 


Lingual attar y to Itft- 
tongas and hyoid 


Carotid arc!? 

fy&Vimic arch 
Pulmo-cui*arteou5 arch 


Ogci^IIo - 

idaftpral 
at levy 



(Lift* ouary rtmouid) 

Om\aq atkry 
to iRt ovary. 


ffeaal avVicks 


To tfyo Kidrnys 


Kidniy— rr 


Ha^monlioidal avtaty/ 
lo file. latgs, 
lnfohn£ 




Cutaneous artay- Sallying the 
Skin of ifis bade, Suits and 
Vtntral Surface ■ 

Occipital arh/y to side of head and Jau)S. 
Vertibral artery- lo the rnasdes of the body 
(oall, and lb /fie Spinal Cord . 

— Subdauiar? artery I'o (ht, 

shoulder and -fordimb 

Pulmonary arl'try carrying 

deoicygtnattd. blood To tht lung 

Holy .... 

f Kt&brtojtion & also carted out 
partly by the Shin and. tt\ucu.s 
memOiaae. df Ihe mouth.] 


Hepatic. arl'try to the Branches 4 
Liner and gall- bladder y Godiac 

Grastric artery to stomacbj artery 

Stomach? 

Coeliac artery. 

ic artery 

(.') Anterior mesenteric. artery to the 

proximal part of- tins, inteshhs- . 
00 Posterior mesenteric artery lo fit 
dishal part of the intestine. 

(ii‘i J Splenic artery to fie. spleen. 

Small Inlcstwk. 



Dorsal flotta gluing 4f f 3a l r ^ 

Lumbar arteries To (fit body wall. 

iliac arteries , gluing off branches Supplying 
tfte bladder and ventral body kail, 
and then continuing down the leg 
as the Semite arteries. 


HERRf . 

"Three- chambered — Ifigtzt and left auricles and a single ventricle. 
Sinus hcaosus qalfftrinij fie i/£naus(deo*ygei7afed) blood from fie 
dr uncus arkriosus arises -from the -front end of the i 


?d left - auxicles and a single uemricie. 

fie i/£naus(deoy.yqenafed) blood from Iff t body ojxns wlo the ri^ht auricle 
-from the -front end of the i/enlral surface on (he right side, of the ventricle. 

rsihlc -fni' di^hibu ton o[ ifc; nrtendl /Wuncnaffd^ filnod over the body. 


hr uncus arteriosus arises -from the -front end of the i/enlral surface on (he ru 
It is responsible -for fie clistribuhdq of fie arterial (oxygenakd) blood 
Pulmonary arteries carry deoeygeaakd blood -from the heart to the lur?gs 
fulmonary veins bring lack the oxygenated blood from the lungs lo the kft aur 


• L 


RflWR TE-MPORRRtfl 


(internal Jugular Usirr 

Innominate Uein 
£>ubclauian uei n 

Right" anterior Xixia Ciija. 

(fiecaual) 

£>iriuS Vc noSUS 

Op^r?irr<3 of GihuS 
UCne>sus into the 

Right fluriclt. 

Right lung. 

Posterior Vena Gxu 
( Pty&h caual) 

flight Hepatic. V£irt 
Fat body 


(Renal portal Ueir 7 

"porso • lambar uein from 
muscles of ffie dorsal 1 


Junction of life femoral 
Sciatic, uei as, to form If 
Renal portal uein. 

femoral Uein 
Sciatic Vein 

lf*«h joining life- r 
femoral and Sciatic, wins 


VEJYOUS SYSTEM . 
Ventral 1/tfc.uJ 
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arm. 


^ Lingual uein -from ibt n^outf?. 

\\ a, Klandibular uein from lower jaw. 

W' Internal jugular from lyead. 

I Subscapular from shoulder and back of 

. — brachial -from lf?£ atm . 

Uft Pulmonary uein returning oxygenated blood 
from left U?4 to left a ancle 
Left auricle. 

tfu&Culo - Cutaneous U£irt • from ike skin , mucous 
membrane of moulk , and many head and 
tranK muscles. 

'tentacle . 

Left lung. 

Left ld?i of Liotr 

Hepatic . PoRThl svet£M formed by 

(a.) H e baba Portal Uein - Consisting of 
0 ) Gastric 02.«7 from the stomach 

(iidntestirral uems from small and 
large intestine. 

(iii) splenic uem from the spleen. 

AND 

jk(b) Anterior abdominal U£in , which 

brings back the blood from the hind 
Itmbe.Duriaq ils cou-cse it receiuts 

(i) Vesical Wins from |He bladder. 

(ii) Parietal items from uenlral body Wall 
(m) Cardiac uein f»om the triincus 

arteriosus 

.'The two ptluic ueins 
'Joining in (he mid- uentral 
line lo form Ike 
Rnterior abdominal uein 


POffYElL 6 Y 6 T 1 H 6 . . 

R ponal went is one which, 
qalRenhq blood from capillaries, does not qo 
directly to the hearty but breaks up into a second 
Set of L capillaries in Some, organ or other- e g. Lioex 
Prom here, these, capillaries again unite to form a 
Uein which finally carries (fre blood back to the heart. 
In this way tffe 

Renal podal usih supplies fke Kidneys,, and the 
Hepalic portal uein supplies the U><ur. 


HE-ARf - Dorsal View. 

Pulmonary Uein 
Left- Rnterior Vena 
Caua (fVecaual j~~ 

Left auricle. 

Sinus uenosus 

((art of dorsal Wall ... 

^ rtmoUed) 

Ventricle 

foderior Vena Cb.ua 
(Pc si" ccujal ) 



iiuo branches 
// of iheTruncuS 

H**. 

Riqht 

^ Rnterior 
Vena caoa 

Opening of the 
Sinus uenosus 
ihlb Right FWicle 

ily of the 
■Sums uenosus 

rt.W’.PU'. 


4 - 2 . ftfttSPt TtrtPQRRRlA . 
Mediae LpndtMrWal Sedubti 
of tftfc Hfiad. 


VARIOUS 5 EX-T 1 QN 6 OF THE- 6Qt)V! 


Ctabellt 


urn 


fttttaaov 

choroid plerus 
fo.\f«ia\ Nates 
lateral Naree 
tlouth 



Olfactory lobes* 

Cet ebtal herrusbHeteS, 

hongue 

ttifundibulucri 

Pituitary frodf 

E.uda.cVuatt tube k n ' it? iA 
opining (alb the btatv<i* n \ , nchuS 
' H<tyieducAus cerebri 


Posterior choroid pleeus 

idu\W oblongata 

Fourth Venhicle 

Central canal the 
Spinal cord 


Glottic 
lar>/ri* 

Lttg 

Oesophagus 


TlSSecVion -from foe I'tft Side . 

In temal organs dtsblaced - ihl -lore, and ruhd Ws fofc Rur ate Cut long! lad irfally 


Cerebral 
Hemisphere. 

ntr^v^./ C 

tfasal Sac 

'Tongue^ 

Klouflrl 

Eustachian tube ctaeriinq 
into IH ptiarya* 

6od\{ of Hyoid 

Luyn*' 

CifalVd avteta/ 

Lift fluucta 
Sinus V^ttiasus 
V^riWcle- 
fertcavduW , 
Call- bladder 
Oile-dud- 
Ltfex 


3 u?a\ Co<A. 


Dorsal lympl] /Sufus 
Kidney 



5 VomacVi. , 

opening 


Yasa ^k<-cciKd 
Urostyle. 

Lrefcf ox Vas ckjerects. 

Ve&icula Sitrunalis 
efi '6 

p<atta<j of rtxe (Jketar iato tttc Cloaca . 
^^doacal apecka^. . 

Op^niaq of tfie &laddtf info fci cloaca 
Pelvic Svfmphysis 
SMotad bladdiY. 

•pleer?. 

Larqe inteskne. 

(dr?crea 6 

^Duod<aiaca. . 

Small it zkstme orlkum. 


Diagram mahe dracisretsfc Section 

after (?xrKir and Harwell . 

Medulla Qblongota 

Membranous 
lab^firi'lt 

'tympanic. 

Catfity 

Eustachian 
Tube 

buccal cavity 

bocty o| Hyoid 


fie H^afo-panaeaKc ducT. 

through fee tliad . 



Qmostarqutn. 


dfloroU 

Annulus fymjo amicus 
m panic membvan_€. 
Columella. 

Stapes 

Annulus lympanicu^ 
QuadVatb -jtuja! 
Pkfyqoid 

Haudiblc 

fWlIVa oValie 
hq\[h o< Auditory ritwu- 





RflKR TE.MPORRRlfl 

RLE (Ventral ViW) 


Internal 
ojpemr?^ 
-o{ fie 
Ovdud* 


Ovarian 
vein 



REPRODUCTIVE and EXCRETORY ORGRKS 45. 

Left fat bod'/ 

Posterior Vena ca.ua. ( postcaval 1 

Deft ovarv{ attached lo the, dorsal bod'| wall 
ty a peritoneal -fold - 
Ibe. tries ovarium . 

U|t Kidney 

Renal vitas 

Adrenal bodv(. 


Right ureter opining 
on Ifie dorsal 
Wall ol 
cloaca 
behind 
Vni oviduct's 

Ovi duds open separately 
iato the dorsal Wall of- 
the cloaca, justt opposite 
to (fit bladder 

Cloacal aperluoe- 


Uft ovtdad', Suspended vfi the. body cavity 
by a peritoneal fold — the mesornetriurri. 

Oviduct with tfhcb gelatinous Walls. 

_ Dorsal Aorta 
lift- ovisac. 

,Gd end of Ifit Rectum 


&i\obtd bladder ofperi itiq 
info (tie Virtual Side 
of (fit doaca. 


Right teehs attached to 
Ifit dorsal body wall by a 

fold of peritoneum - 
Ifit mtsorcfiium . 


MW. Y[ 3 . 


Vasa effivenha 
coaaecWcq fie feshs of 
each Side. wifi fie innev' 
ov median border of fie 
Cowesjpocrdm^ kidney 

Orettv ov vto deferens 
(Urinoqenil'al dud*) ojD£trin<g on fie 
ajDicts of two email papillae, into 
fie dorsal Side 
ojtyosife. to fie ojttmtrg of 
fie bladder. 

Cloacal aperture 



. MRUS, ( Ventval Vina ) 

Uft* |at body 
^Adrenal body 

Left- kidney. 

Left* t klis 

festarior* Vena cava 


Left* uxeta 


Veeicula semicralis 
Dorsal Florifa 

Gd end of fie rectum 


6ilobid bladder 

o\>^aiaq into fie 
UfccilYal side of fie 
cloaca. 


44 flflNR TEMPORRRIR - CElNTflRL NE.RVOU'b <3V&T£M. 

Dissecttor? -torn the dorsal surface to expose life 
^ t ft G^tral Noruous Syslerr? 



Dorsal surface of the 6ra\c? 
and oftgCc7 of lire Cranial rfeaies . 

.Olfactory nerot. 
Olfactory lobe. 


4^ Nttoe 

5^ ffvoe 

r'^andS 1 * 

‘ . neroes 

(combiaid 

®* ““- 1 lo St,« 
(comb^ed roots) 



Cerebral tiemisf)k€.ets or 
cereWum . 


;lhaUrrieqcef)haloc7. 

fiiTeal 5fedk 
Of) tic lobes 

Cerel?ellu.<n 

tfedulla olplotfgala. 
fourth l/enVecle. 


Ventral Surface of Ike foralc7 


VWixorrlal section of foe 
(•from Iborradaik 
after V\kidershe.itn) 

Lattral tfenWIes 
of (tie Cerebrum 

foramen of tlurKo 
3*^ Ventricle 

CauilTes of life Ob tic 
lobes, and aqueduc) 
from 3 rd to 4- 7 
vtnkick 

4-^ l/Wkmk. 



Olfactory lobes 


Cerebral bonis 


j3 rd Oculomotor oeroe to 
■^ou.r oj- tV\4 c,\% c^e nutsd^s 

fatfiehc. (frochlgaQ H^roc 

to tbe, Superior obtid.ue 
1 mascie y 

6^ Abduct awe Id ffc 

€*for<ra\ rictus muscle 


1 




facial nerue <g\uu7g 
a)folati<?£ branch lb tVic roo 


moult? 

^Hyomaqd’ibuW to IV\c 
arrd loioer Jau> 

8^ RudlcKv/ facousli^ tHATC 
membranous labyrfqlf? oj 

9^ Glossopharyngeal tkxuc cliu’idirrg 
mlo (i) aq krvor ramus jolaibg foe facial rttrue 
and(ji) |)o6trtvib< ratnuS To mucous rv\ov\braft£ 
o-f pharyn* aqd lbt?§ue • 


|^Qi|actory rtitus to the 
/ nKmbVo.q£ [iqivrq ftfe, 
nasal cajovty? 


%/• Optic tfctae to ttk 
Oj^tic. cbiascr/a 
l v7^extr<di^0L\vjLcn 

^tuul’ary body 

a <3£mi(7al rfctiie 
lobiaz diuitks it? to 

<0 Ophthalmic branch 
lb fFre skin of tbc 
-forepart of the head 

b) ma«7 brandy ^ 
diuiduTg irzto 
0 ) maiCilUuy branch 
lb upper j o±o 

(\i) mandibular branch 
to lo jau3. 

\ tfT 

10- Vagus (bneumogaslVic) genre 

^luirrq numerous branches to 
foe. muscles of Ithe back , foe 
larynk, heart, lan^ arrd skmaclz- 



nvmi'. 
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KfcrVoUCo ey&fe-tti - Antral Vi^W . 
( -from Marshall . after EcKct ) 

Kasai 


sac 

OpKlRaltnic branch__ 
o( the. 1riqt<m\iTal V 

Ctet b<a\ 

6/e.ball 7 

V'Criatcmctal. 

bthanAbaW 
Facial 

Hy'onmqa^buW 
Dranah- 
Ramud ariftrior 
RamuS po&tanot', 
qiod&opWfaqeal 

tranches of 
Vagus 

Ganqhaa of Yagab 

(pHOjauo^a^Yuo.') 

(Vachidl 
KWi. 


Sympathetic. 

ganglia 


Saatic aewe. 



1 Olfactory utwt-. 

Ophthalmic. branch of fie 
Inqtrmqd 1 

$ Palftdic. 
optic. 

n) Oculomotor 

^vu facial 

-Qa^^aaa qactqlton 
-Y nnqevucial. 

“fu facial 
"vm ftudAory 


.vi fitduceas 

fi* Qoe^opWaryqgeal. 
il Vagus • 

$ spinal nerve 


Origin: of fe Spinal [kxvte> \n Frog . 

Nbaral 5pui£- 

Dorsal Ksaral arid?. 

Dorsal fooV qaxiq lt0 ^\V^^^S^‘‘cxtfebml Columr 
Dorsal branch Spinal cord. 

Yooir ^ — iXi CotnmurucanS 

Cetiuum . 

Diagram shenoinq the \ 

attachment of the. masek-fe 
in the Vertebrate Fvs t barlW ^AA. Superior 
ajfc.y Parker and abll q/a-o . 


Harwell )" 


Diagram to •shorn Ihe 
rdatibnsVup of he Sympalhdic 
Nerve cord to he 
9plnat Nerves • 
f partly after iteat'schel ana CootQ 


3'/mbartrt\’ic 
Nerve i 

Ventral brands 


Dorsal 
branch- 


5^ . 

41? . 

Ranxad Communicant 

5*? ebutal 

6*5 “ 


t*kmal Yictue' 


[ti[eubv obkqae 

lalvaol rtctu3 
•Optic, Kewe. 

^>uJperio< recUe. 
tajeaov teethe 


nerve 


ft diagrammatic. Sect ion rtl<ou.c\W the Virtibraffc 6^ 
PoskriOY cliAmbtv 


filum rtYrnlttale 


•filled U)iHr\ (he 
gdabhous 
VilYeoud humour 


kit- |>iqmentad 
la^tr.conha uou6 
\oith the choroid 
fupM 

Conjunctiva 


Ctoy procideee - [old? 

1 he chorcud vthece 
'it ^oitte jhe l<Cs. 

choroiA [black joigmcntU 
layer, rich in blood 

jcUroVic (dknse 
{ibroud tissue) 


•Mck t ,^44. .. 



Coats nao as beV|irrd Wifrt 

IfU 6clt<olui 

Ratenor' ahombei containing 
a Watexy {laid- ifte 

aqueous hitmaaV . 

Solid transparent kns 
(Kort convex on Ms mnuy 
Swiface) 

QraStrrata -vvcWy 
\iqi lonsrs lKt tdlna 
appears to Cnd. 


Ktsecf only 
in (tit 
hatnart 

6\ir?i CTpot (poirit o| 
intranet o( frit dpTic 
ntr^t) 

RiWa - ddicatt senii ■ IranspMtn.'f 
l in ui q fe chovoiM ( and ajqfiijaous 
over ifvt poiftriar -jact iKi Iris 


-Dorsal root 
■Vtntral rool 


r ' Dorsal root 


qartqk’oci 


Postsabr 
Vartiia\ 

Ssm’i- ore alar 
Canal 


ftakt Internal Ear op froq(a[fc.r Hav^hall^ 
UtVicalaS , 

Ratcrior vsvucal 
6tmi - circular 
canal. 


S^mbaltidic. 

qatrqlia 


fimpallar 

Dilations of ItLf 
Saccalas 1 corrtapoeding 
to ttk Cochlea of 
kigh-w animals 



Rmpallai 
Sactalas 
rionkontal simi - circular 
canal'. 

K.VT.K-^. 


46 RflNfl TfcLMPORRRlPi . SKELETON ^ GENERAL ARRANGEMENT 
6K£lt tbr7 - dorsal sAao. Cartilaginous fads dotted . 


Remamll a. 
Ka^al 
Maxilla 
Pierv/qotd 

Qugdrato - 
Juqal 

Sxtytamosal 

fro-olic 
bcoccifoital 

$ Vivte bra or 
Atlas vertebra 

TVansuerse 

process C. 

sRVt&tea ov 

Sacral VtrttbftL 

Ikostyle 

lliuurr 

The left hal[ of fee 
pectoral girdle -Ilk 
left ■ ore-limb and 
lift - hind-limb are 
not ShouoQ. 


Exlercral narial opening 

Sphere tfrnnoid 
.iron to - parietal 



Internal nan at 
opening 

Foramen o? fc 
^- 4 Cranial 
Nerve 

Foramen of 

etacarbals 6? Cranial — 


Gnbals or Foramina ol fi 
Umst bones 5? and 7?. 

Cxamal 


Skull - Ventral VWui (after footradailed 

ftemaxilla 
Vomer 

Vomerine teeDn 
Palatine 
SpWueittmoid 
forasphsmoid 

11& Pterygoid 

-Prootib 



Ktrves 

Foramina of io? 

Cranial Nerves 


Columella 
Exoccip'itat 
Occipital condyle. 


Quadratajuqal 


Car tilaginous skull - after removal o( most of tfte bones 
3 ( Qp^r foorcadails ) 


Pl/alavgEs 

Metatarsals 


Astragalus 
Calcanean? . 


als or ankle 
bones 



Kasai capsule 
(Inferior 

-{ontauelle 
ProolTc 


S>phenethmoid 

Cvaaium 

Pterygoid. 

Upper Jaui bar. 
Quadratajugal 
Quadrate 


Shoulder Girdle, or fec-lotal Rrcb . 

( Ventral wsu V 

Omasternum 


Scapula E P ,Sttrrtum 


Supra 

Scapula 



* Auditory capsule 
Exocdptal Occipital condyle. . 

^kall- Side, viem (after Sorradaile^ 

Z ~i Konto'baVietal “ " 

Spheaetfcmoid pterun^d I P^c 
NasaU 
External nan’al 
opening 
Prem axilla 
tWilla 



Meatameckiltaa 
peafary 


►lie. 

Columella 

-Occipital condyle 
Squamosal 
Anterior cornu of hyoid 
Quadrate 
Quad ralo jugal 
Articulare 


Angulo- splenial 


(body of hyoid 


Cai/ity 
Corucoic 

£pi coracoid 


Coracoid fontagelle 
Sternum 


magnum 
Pterygoid 


Hlf Girdk or Pelvic. flrdr 
PStde Viejo ) 


Iscl^i 


mm 



mjfcbYot. . 

I^VtrlfcbYQ or Atlas 
Front vieuj. 

Veurnl arch . 


Neural 

Canal. 



Facet for 
Occipital 
condyle 


6kull - Posterior Vlei/V (afFer fcouadaik^ 

Foramen fro-otic 

Sx^iamosal 
Puadratojugal 

Foramina ^ndyie \ ^jpL.Quadrale 
{or 9? and 10? bcoccipjifal 

Cranial nevue^. 

5^VerPebra Plvbi'aih ^ .... 

Visa). 1 JJ^qa popkysis facing, 
^ ubu/ards and mtuards 

2Ktu.Va\ Sbic 




'Transverse' 

process 


Spine 


9^* l/srtab ra. or Sacra rn — T)orsal vi 


vi<uo. 


M-W Small conuoAties 

of (tie centrum , to tr ich 
arficul ate loitft Ifie 
Con cavities of ifye uro style 



^ P^a^hysls . v 8^ Vertebra - FrorrKWio. 

Freer for ampWicoeious - (concave. 
ilium m front , concave behind .) 


PasFx.ygapopUy5is facing doionwar'd^ 
and outiuarde 

CtnFrujn procoil o us (con coot inf-oat - , 

conv^ tnVn«4) . ^ ^ 



pme 


Cflural canal . 


Centrum 




RflNfl ifcrtPORflftlR - ' UFE- Hi^'TORY . 4 - 7 . 

Ill eqq* of the <*Wvm<| tnqfeh {<oq- fW tentowMia ^ tod about Mi. Eoch e«M ^ swtounM by JR*, 
delict vifcUwt KXtoibtcme., .on the Wide of which ft deposited the qelahqous semboq, whid? a(ft» fcw&ahotr 
swells up cousidstabh/, foxm'iq the -fatalliox -ftoq spawx \ 

•"the j^<j [$ (eloledthal , the 'jolK beiciq aqqxeqaled air the loxXtt Vitale Vegetable pole, 
dkt Seqmeclatioti ts holoblashc (compete) , but uqecjuai. 


SeGrthKlMtoK 

T. 

fwst. 

vextical 
cka\/fcLgfc. 



2. 

6tcoqd 

Vertical 

cW# 



, 3. 

fast 

hoYixauttt 

cWage 



4 . 
(wife* 
cleave . | 



(utifiei 

dfcav&gt 


clo^ of s^xgsnlaW add joYma-W of blaohda 

fuxfe* cleavage lb foxm fclasWU ■ 

Small pigrtteatai Cdl& 
of tfuc annual pck^_ 

GRStUuLPrVioK . ... |W while 

Gastxulati'oxi bvj embol^ ox iqvag^uUot] is f ItH. , S ,°\ 

impassible because <£ the laxqe sixe of the 
'ja\K cdls so that: in te case , qasixuleuVotf 

li « <sl4.lvU..i \a\/c,£* ir7 wlriii 





tthViqetabk 
— ' pole. 



Valical S£cbo<7 tfkouqh 
the fclastuAa: 

£clbcl«rt|. 

■ SegmailoWj caVity 
, 6ladocot\e 
-VotK celle 


U \ V ^ 

_. ijptefely _ . 

liadcx Scuface at tfvt 
skowvaq m \otafoci of 
tftbgQQOtld fe. sWfaq 
c{ fob bl^Vo^Q<fc * 



)oie Wk 'ova the latqef white cells at the.Wable fe 

of a CncuW baTcm - foe. bla^tepove ) vfoxdi is plugged bvj a mass of ^folik 

” . , Gfl'oT'KU LtVTtQN ■ 

— ._ ^ ligdex suxface showwg slufahq of foladopove- feough too 

(Masto- - z ■- -— ■• ^ - ■ 


lalfex axe 
cells. 


Oo(Ca\ tip <\ 
blastopr 



'■■'Vstfr Rbove la section f\ the 
? " ,5 % blastula is Utile attaed 
'* swice the spiboly d[ the . 
edodawi cklls has qup JusU 
btqiifl. 'the email pa is the 
comencanehc of the folasfo- 
poxtc. Slit. 

btloyt, secltoxtTl shoyts the £nte\on i . 
fwsl abs^uxiaq as a -slir ai the juatKo([ 
cf (he arucaal and vegetable ( pde . It 
(deceases w Wqth bv( the Wuxqutq 
the sbebohe. cds as lue^ c^voxt ocex the 

Plfftl VaUeal Sedt.oci dtgq ^ ^ 


y' 

bWacoeie 

Y 

tatam^iafe 
guW wfeidt viill 
fovm ttli 'fata.ie 



r z 

Ufl!dE<QCl ; ftlfc 


■Qo^al lip of 

blastopoxe. 



InG, ^ eqcj aboiA to A's 
vdtaJrioq. Italians of Hit atiwibi 
bla^obouo ^\: havre tner aqd 

cioota . So foxramq % Ril CwcalaX 
Uas^opo^, wHxch i*S plugged Mm 
v/olK v 

iucv/olK cdls a\£.nea<V, owing 
fo fee arciou.n. 1 : cf food itvw Co^iavg, 
Vi\Dfi fe USuit mad wktxt m/ aX ^- 
puehd To oat side bv/ fit* divtlobmeqlr 
-7 of <2xifacocl and Oultea- 
—A "lioq of Ike blastocode, rtaey 
Cause Ihe eqg fe caps\xe oy 
Topplt wougb aa augle 

^ Dtvdop iqg of lOO°. 

eidodecm 
Kkiag fot ‘c.araoci- 


blaetoCorL^ 

px&dioalU/ 

obUtecattd 
£.n^ocZ- 


y dtvdopmicil: of 
r vsliidi pa^hi^ Ihe 
vpiKctlkJ To oat sUe. 
60 as txtei taalk/ lb 

obligate lh^ blodocode. 


X ‘oliowe iFie skage ih vxkadr 
gastvalalfioq fe combine, having 
b^ea btoaqKt aboaV bv ife 
oveiqxowfri of itie tciod^ra Cifts 
aad (he cciqvowhi oSf the blaslo- 
poxic Ups . . , 

Hece the enfexon ft Ytetl 
teloblishea , wuvle the blasro- 
coele has QcacKtatp dfsapjjeur- 
ed- tAesod«m Voxmaivoq ie. 

takvhq place \aj)id- 

fck 

Yotaxcoa v<vtb Ifte 
Yesuit that the 


blasto 
^ po<t 


H^sodeirm 


, , xesau iua» 

blastopoxe tncuWs Ihe 4atiue 
posVexioT eraa of the tm-br^o. 


h\ Vt-K 








48 flftHR TfordPoRRFhR - FROG • LIFE. HFb'fORV 

Formation the Mesoderm , Notochord . and Mervous system . 

In Frog, the masodeom acts not arise by the -formation entirowdic. pouches a& in flmphioms , but by fot buddi 
oft of cells m the region of the blastopouc. lips., these cells migrate Inwards, betws.tr; the ectoderm and end 
derm , on ether Side, of the mid - doss ai Uqe. lq addition to (best, yolk cs.de> lying beneath the. ectoderm become, 
differentiated at mesoderm], until irmituatly a complete mesoderm 0 -! layer is formed between the ectoderm and tndoder 




Iransveise section of the embryo during the -formation the nodal canal , notochord and codon? 


Neural Of oove t 
C odon] 


bydoderm 

Celia?., 
Fntyo (] 

Yolk, cells 

llnsblll- 

mesoderm on 
the Venbal 



Neural fold. 

Notochord. 
SomalapleuTe. 

iplaqcknoplsae 

■tcdodewi- 

hfervous laver 
{ Ihe 
ectoderm. 

^YYai 


t^esode<«\. 


M-lere the formation df fos, rjiaial folds is Sees] 
extending along (fit. back, aawc] the vrVjote. 
length of the “embryo, and Just beyond Ihe 
region at the blastopore. 

Ike notochord is also developing as a qrgo 
rising -from the egdodexcq along the dorsal 
Surface, of the eatecoc7. 


fo iransverse section of the embryo , with the neural tube closed, an 
Ji- frit notochord established . -- Just before hatching . 


Here the neural folds have tad to form the Heural tube 
which remains in communication With the blastopore and 
entevon by means of (he tteur enteric, canal- "(he r(oto chord 
groove has closed to -form a compact rod 
■hue beginning Y the coelorn *s established, and the 
mesodermal Somites have made their appearance. 


£ndodew| 
Fctodeccn 


K^odexin./Jr^T^ 

l S|}lac\ciinop\tai^ 

Longitudinal section o[ ^nbvyo at a similar stone to that shown H 11. 


(ectoderm. 
Ntureyteric. 

Canal . 

blastopore. 

fond gut 
ftoetbdaeum. 

Mesoderm 
Volk cells r 


Notochord- 


hndodamis. spinal cord. 


Hind brain 
hid brain 




i. 

dn 

r > Stomadcftujrti. 

Foxtq^ur. 


mraxvi 

iq^cjw 


lV,H<cxe tfvb blaelopote Has closed, and tfe <^ockx<ncd 

^iqvagtqa t\aq {ottnkq tlfc pxododae^m jpiH has broker? 
IfycouqVi to |orcr\ Ike Qna.6. Rbcwe tta starqadc&ql jlilr 
an upqxowlh fuses With (he iq4lu?dvbulaca , Which is . 
a dwuqvcm^ -ftota ftve bvaiq ‘fo Jow a tnass, Which 
lafex ^ooroJfts and fo«u£ the puuUaxy bodv °f Q ^* 
Ihe dowqqtowth d\ fe slqdodtxcq on tho v^nhal 


cana.\. 


l^<aixa\ kbs- 
Kteod^criai 
Sowiite# 
Notochord . 
Coelom, 
hnlevorj. 

hdfodtr<g 
_ liasptd 
, %sod«cn ol 

Ventrat side . 

Yolk cells. 

lipilus shows the neural tube swelling anteriorly to fc 
^Ihe braiq.dhe slight constrictions mark Ihe three. Cer 
bral Vesicles , which later develop into Ihe Yore, mid 
and hind braiq. ihe notochord lerminales gntenod 
in the region ot the mid,- brain , and Wends post 
exiorly as ^ar as the ueoxenteac. can. 13 -!- 

IV Longitudinal section of the embwo . alter the 
blastopore has doseri . 

Fclodym ^ i l Spinal cord 

Uoi«. 


side d Ihe enteron is the Forerunner o 
white the diverticula behind form the . pi 
ihe thyroid originates as a longiiudiqdl 


along the ^.ocW o\ the pharynx 


rerunner o[ the hvtr, 
srm the pancreas , 
longiMihdl groove 



Hind b 


Hind gat 
thectum). 
flnue 


V °&9 


Livex x^dJitvcuV. 


touh 


Kid bxa 

fia'oal 

OUlFcJXOU 

foxebra^ 

^oiforfiodoEoc 

'filuitaW 

. N (tiqcoVYiri , 
foxeqait 

Hlaxt Vvldvrri^crd*. 


^Qraife.^ ^ox(ae.d wh^^ fe m^od^oa o^c^t^qa^ info VyHgJt cxx^ oxiqiqalh/ rqdfain^iea Wy ^avcariqtd ox Sorti^ 

qWt. fe voWtoor^ raaecl^j 1h£ Vtxkbxal cola 


Wwiq ( aqd Ife d^txuS a[ the Skiq. 


d^a(M<\iqq tn^od^in into two lofae t- rtt^odexca adhcXiqq lo <cjdad«m aqd ^oxcqiuq Wi^i \\ 'fcc ^Otriakblluxe . 

M^od^rn adh^lqq To ihda<Uxtf\ ^4 ^ovcqiqq With\t Ihi sIpUcicHaop^ 

qk<& \v^e Jio:- bcdv/ wal\^ oak* ccsIo«ilc. tlpith^vo^ , qouads aqd Kidq^s. 
g^Qcycnnobl^^ qv^ xv^ lb> bt m Co^Whc ^thiHuiq, and wall the cAvwi^Uvj caqal. 






EMibwo before. hofcWq 

l 




fROG . 
Gill 
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<0 UC-Wii/ 

foibwci air the time ot haVdimg . 
n &u rudiment, 

*• 0^£lZdr 

yj mart 
'ufva^iqati’°c | 7 

tadpole with external gilfe 
low<a <ourface 




o< pharyngeal cleffe are -formed as evaginahoa* of the Modern I'niqq the Alimentary 
canal, At Ihe point* these pouches meelf the Modecm.lhe latte* becomes p^owded 

$o forming fe 4\ife . "tfk arches on either Side. of Itfe. slfe correspond to Ihe KyouWi, Mandibular. 
l$p 2 rt .4, 3^, 4® branchial arches df (he Oogpdrj. ihe Hyoideaq iq frog is never Coricexyed With 
respixaifoq, bat eventually forms foe husVachtaq lube of the adult:. 

When Ihe £qq is hatched , about Two weeks after ftdvh^atfaq , lue tadpole whidq ftUirqfcg 
btsalhes 'first by exferqal gills, which axe aulqrowths from the *k\q . mese rjills axe Well 
supplied with Wood os id axe Ciliated 

r (ft flu's stage the stomodaeal invagrqatioq has not broken through 4 so (nay no mouth 
is present When freed -from (he gelatinous envelope , the tadpole attaches fetSf by a 
Sucker, and remains < 3 o,'jot about twenty* fours hours. 

fl little latex the circular mouth appears , as a result of tine 
perforation of the stamodaeura through lb the eatexoq. Ihe 
louae hips are provided wita horny papillae, which axe 
tsptciaiy adapted -fox scraping off minute plants prom atones 
etc, So that me dier lb purely vegeWtac 7 . During this Iptuod 
the’ animal is provided With a long coded alimentary canal 

, , Which is necessary to cope w\th the more bulky food. 

Sucker- 


View from the left side . 



^i« s . 

iadOole With internal qA\*, and forancWl chamber . 

emails 

SucKex. Kouth vx»lh 



ihi a$jd stage shows 
the disappearance of the 
external qilts, and the 
development of the internal qMts betweecf 
the gill arches, ike whole an either side is 
Covered by a fold of skin or operculum, 
which arises in {rod: , Qrows 'back over the 
qdW , and fuses posteriorly with the My wall , except: for the ^mall ^£r tare on the 
t^jfv Side - namely the spiracle. Water enters by the mouth ; passes down the pharynx, 
over the q\lte , info the branchial chamber formed by the operculum and out by (he Spiracle 

Devdobment of Ihe Hmd limbs 


horny jawsr 

Spracle or 
branchial aperture, 


/ Limb 

tL. M 


dhe tadpole increases n -Srie. , loses # ils 
herbivorous hablV, and becomes Carqi- 
vorous . Ihe odimentary Canal 'Shrink^ 
and Ihe hmd hmbs make IheiV /hsh 
appeaiXarice as Knobs or limb - buds, at 
Ihe junction of the body and tall, on either; 
side of (he auaS>. dhese doaqalfe. 
and there Mremhes show the Aormalron 
of Ihe 'fwe diqte ; typical of the adult Ivinb. 

Oevelopmexib of (he fore\\mbs 

7. 




Bbow of . 
-forelwb makinq M 
Way mrouqn 

Sipiracle. 


— diqd lurvb Wifi 
’Jfiv’fc webbed digits 


^dfewotyhosya flbouJr tVute. irionlhi 

• eiWisaiiori , y<Wn diV'do'pmmr o[ the 
"0 w limb's 16 Will ialablishid, thi. tad- 
Xjlt tornts to Hit- ■oux^aot. the wat« 
piXiadi'cally to ^ill tfe Waq6 with ai<, So 
Utah ai" this ilaqt Mr breasts baxl\-w 
b\f ihic. qllls and baitiy bw iht- luqqb. 

fiqa\U/ , Ihe aWli wiftiiX awa^, and 
(he (Jpeicubm aibap'ptai^ 
ftlr ihii staq?. , IHt att^caianct. 16 
•fvoq-h'Ks. Sxct^ ^ox Mie tail, Which 
pysidfe -jcix ■Sotnt Twfe.- 

h.n.k^t; 



Kow IR^ (oxelibbs make iRtn alplptcuanci 
bv/ ipendlaVniq Ihe •Spixa.ck, on Ikt Itfr side , , 
and tearing the opevculurq on the ugm 6ide. 

Ihiiv saxb dt'CtAo^msrtV b ob- 
icaxtd ^o< Somi- lime bq me. ojpfctcma. 

16 ohsoibid bq the. 
ihleuicA ac-hon o| Ihe 
'phaqocv)l‘e& the blood, 
fe dbabtoeax-ance. ie 
Kt iqdicawoq Ihab 
tnelanoxbhosii is com- 
, , 

'Ihe head «oW 
ahfcixwe dlaltined , 
IhL < J'/66 'intaxqe 
and become bmqlqq, 
whUt ihe moalh 
wideq's, and Ike boA^ 
qiows less \otaad . 


1 £GG<o . 
2 . LftRVfl . 
a)' 
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Gmail bluish While eggs are lad siagl y m% wauclls of the Honeycomb. 

K6 % Qu.ca.ci dcbotffe m fcjg , \r ismtcl to Iht bottom ot fe 
Ocl\ b\( a sti'ck\| seattvoa. 

Unfatihsed ‘eggs develop into (.males ) 

ferYilissd tags devtlop mb WgUvexs, and more \ardy Queens. 

. 1h£. Wav. cells of lit Honeycomb, show Slight variation, accord 
mg to whether They store food ot act as cradles for the develop- 
ing larvae. 

ihe celts com am mg the t)roas- larvae ate larger and 
Hacker Wafted than Ihose which Contain Worker larvae.. 

Whether Hie .ratlhse.d eggs develop info Worker (ster'Ae female) ov 
Queen (-pride female) lame, appears (6 depend Satirely upon Itk Workers. 


Honeycomb Celle 




Cell ot the flung lat 
Closed 


'Ktote wtuck ate destined to become Queens , receive special attention 
and diet", while the Celle coat am mg 'them ate enlarged and altered , So 
as to form (he ittegalatl y oval cell , in which The Queen completes her 
development". 

At the end at the season , before The Hibernation of Ihe Queen and 
net- Workers, .Ine latter Kill off all The Drone and Worker lawae. .Which me 
slill luidexqomq development Witfua -their cells. 

During ike Honey harvest "the Worker " egg , hdekts id "5 days , and air 
L ^ ... the . end of another" 5 aays , becomes a fully grown larva , With Head and iftir- 
Iteil Segments. Owing this period it moults several times. "The cell of each larva is then covered by a coviyeV 
Cap. which is a_ porous mass, formed from a mmture of pollen and Wa*. ihe larva tied secretes a silk thread, 
and mak.es an imperfect cocoon- Hi the end of another Z days , it pupates , flffcx 8 days pupating . the Imago 
emerges, (trough Ihe papal cava mg dj the papa, ihe erternai feat ares df ihe mature. Dei. mad be seen.] 

A ■ HddGQ . "the three individuals Constituting the Cplonv/ ate;- p 

Qu-t-W ( fertile -female ") ■ Drone ( fertile. male ), Worker ( 4eule fenakV 

the Queen is The “Supreme individual of The (bee commodity/ 



QueeW 



Prong 


mumuAuu uvo tj^^ Lqffimumivj . 

fie cocnj^la witft Ife Ww Ks* , abdocain is Wq*x acta tax Wtfiqs dfom**. $He gku^s \ 
pgllixi. basket and hex sting is. an barbed , solhat it mav/ be Withdrawn -from The Victim , With, 
oat injury/ to herself, ihe sting is only/ used against another Queen, who maY prove to be a rival 
„ . , 'Throughout her life she re fed upon barttalUf digested food , Provided and tore 

pared bv/ the Workers, Who ate id constant attendance.. ~ 

Het s o b wo r k is sgg- laving, which she dots at a rate of one thousand bar day 
. Only a)fet me departure of Ine t signing Queen, Who leads Ihe -first- '' swarm 

is Ine young Queen foldesr "bnncessj, allowed to Emerge from her cell, m whidn process 
she is 'helpld by Ihe Workers. . P - . 

Laly, one sunny morning, she emerges to take her (Tuphal jiight She Soars (ugh, 
a tnglktude of Qrones folloxv'mg her. Finally, one succeeds m mating vvith her, only To die 
immediately as a result of Ihe brief peuod of seeual u.mon. 

the Queen then returns wilh a store of Spermatozoa, -from which To draw sbtrms / lo 
enable hea To fertilise hy eggs for at least Three years . 

tk-r only other departure from Ihe hive is at .The time of Swarming . Wus happens duxm 
Ihe morning of one warm Kay or June day. Ihe Hive having become overcrowded, the Queen 
emexges, accompanied by a swarm of Workys, To Tans up her abode elsewhere i« a place already selectee 
and prepared by ' ■SeouTs " ( advance quard of Workers). . 

‘ouou.la the Hive still be overcrowded, her Successor" who has lust emerged Hrota her cell Will lead a second swan 
Ihe emergence, of the new Queen , and the nursing of The T)rone and Worker larvae, is accomplished by The 
, ,. . , . ^ . army of Workers who remain behind. 

Hioirnatrog Hr the vjui of the season, the reigning Queen hibernates Until Ihe -following “opting. 

1he T)roae develops -from an unfertilised, egg, and in build is bigger and broader than lithex 
rJiLsen or Worker! The. btobosas is short and -feeble , wlule pollen baskefe and sting art aosei 
In the averager t\we Community, There is one "krone to every k or Q Workers . 
ihey emerge- ialhe sun occasionally, but spend much, of tftew time in sleep- 
Hpart from the Vigorous attempts "they .make. To fertilise a Queeq , "they do not per- 
form any work m the qenerat Service of the Hive. . - , . 

ythe Droue which does Succeed in mating with thedemate .dres immediately 
Drones, like tie Queem, cag only parte 1 " ^ w-.r.ni., j , x a..j 
i the provision and preparation d thus , |1 

Ht the sad of, the Honey Harvest , Hey qr 
workers, only to die csf cold, and sTdryarion. 

Whose which remain Within the Hive are bitten To death by ihe Workers 



a result, no Drone “Survives ihe W rater. 


nt.w.nitT. 


"The, life. rtiaibRV of -rue. hive. bee - Rpt6 melufich 


Worker 



Legs of the. Vdorkei . 
(parity offac Lutho-m) ■ 

fivat Leg . 



femur 
I hiochanhr 

ICmMS- 


fiodq .-for diqqiaq 
oub Ihe pollen 
from (he r poll<ai 
1 'boater 


tack WoxK^ot possesses head ; tWa* and abdomen (faster) 
the head bears at the side , a pair cf large ana 
Conspicuous Compound eyes, and three Simple 
&v[<<jb Situated m the centre df the forehead. 

-freely movable .antennae aXe probably 
a means of Communication between Dee and 
Sag. , while the Uuxriexoas Holloa over the 
Surface are (MOaded as both Olfactory and 
ftuditbry in function 
ihe JnouJhpads which omeiet of 

fioboscie (Labium ox lower lib and M avail a e) 

Labxiint ox upper lip aid Mandildee. 
show adaptor ion -fox 

a) sucking { proboscis^ 

b) ball construction in -fat Hive, pieparahon at 
Wait, aad %■ Kneading of pollen ( Mandioles l . 

ihe iKoray Consists of three segments fused 
with (he first abdominal segment. , , , 

Attached 1o Ihe dorsal Surf ace of the 2 rt ^ add 5” 

Segments art two pairs of wings , while the (Why 
surface of Hit %ee thoracic segments bears three 
bairs of legs . , bach leg is the t opical Insect type, 
and r« mm ales in two long and tv-fo -shod movable claws 
With a small pad belwtan mm. lilt daws enableThrT 
bee To cliinb and cling -firmly, while Hit sticky secretion 
of tht pad , enables Ihe insect to Walk over Vtxy slippery 
box facts with relative ■cast. 

In addition to Ihese features tkty possess characters which 
show Special adaptations to perform functions associated with 
. bollen and xitdax collecting. 

first Ug . has a Small depression Wed With hairs. and Known as tht 
comb ", which cleans Iht potttn -from tht hoars of antennae, 
the head, aad tht proboscis.' 

<decond keg , possesses a stout’ prong *' used for digging out tht 
. . , bohtn hom tht Doll tn basket , aad fox pietnma Hit V{i has 

"third leg . btars c Tpollen basket ” aad '’bavsh*. ihs basket Carnes 
tht pollen as \r is collected by Iht Bee, and the brash 
sweeps iht pollen •from iht hairs of the body into Iht 
baste! of the opposite side . 


\y st 

Head and Mouth parts ( frohoseis 

!Fxo«\ &ox(addus 
affec Chtsteis) 
-Compound tyt. 
-ftnttana. 

Labxum . 
Mandible . 



ftoidori (d tnd. 
Head - front VitW 



hnfenna. 
-ManA’iWt. 

Head - ‘ Side view 
hoboscis , faUkA/. back 



■Proboscis 


I iturd Ug 


I Pollen 


'the dbdomtn Consists of hVe distinguishable segments , aad oJr ils tip bears a barbed shaQ 

Hhe -food of the (bee consists of botten ( ptoleld ) and dectax ( carbohydadt ) 
iht necior ihlhe -ftowy is thinned by iht action of the Salivary juiict cf the Worker, offer which 
it is sacked up , and temporarily stored in the Honey stomach. On the return to the HWe , it is 
regurgitated -for storage within the cells as Honey , or may be used directly as -food by the hungry 
Viorkys in .the Hwe y Ihe Queen or "Drones. . . 

Ihe pollen is day out of "the baskets and placed into Cells, where it is kneaded With a lithe Honey 
into (brood thread . 

dhe youaq Workers secrete Wa* . which aeons as -four paws of War scales oa the under 
Surface of the abdomen -from which they gradually emerge below Ihe Segments. 

The older VfoiKers hollow out, and mould Ihe Way., 
ihe longevity of The Worker hatched, in the Summer' is usually -from •4’ * 6 Weeks, during 
Which time "they perform a series of tasks in orderly Succession . 

0) when they first emerge . they clean the wai celts, and attend the older larvae , ptovidiaa 

them with pollen and Honey. . 

MWi ip 4 cxn/ ^ q! 4 , rtvcvj Ca^'fox IKt Vttvf Wvat. , ujioacx 

flutxvWe f\uud Secreted by Ihem selves . 

ISl Vihen 14- days old , they spend their time in Ihe general service qf the Hive, cleaning away all refuse, distributing and storing 
i , i , the food. ( and ventilating the Hive by the rapid moveaveat of their wings in flight loittun the Hive. 

n~) When 2l days old , ihey ernerge taking "trial fngtits, and ad as seat in ds at the entry to the Hwe, preventing Ihe entry of intruders. 
|1§) ihe remainder of then lives is spent in cakchhq pollen and Honey. 

I Hibergatioci . Ht the end of Ihe Season any remaining Workers mlhenWe snuggle together around tht Queen, ihe H&id 
of one underneath the ftbdamen of. another, in much the Same way asides covex a roof.ihey beat their Wings for venti' 
lotion, and feed on ihe Honey withm Ihe cells, passing it- from one to another. 

'ihe Queen begins egg- laying in february . and by Hpiil . the hfe of the Hive . is once again id du ll Swmq . ^ ^ ^ 



carries the pollen 

brush which 
Ihe pollen from the 
I hairs of the body into 
I the basket of the opposite 
side. 


SZ HtetOLOGV - CLLLULHf\ BTftUOTURE OF flNlKlBL -fl 66uE-<o 

iH<t Celt arid is a minute mass of ^dbplasm , bounded by a membrane and Containing Wv^h .fe SiUisU'flc*- 
a deeply staining qtanulav mass - namely ihe Kudtus. Ihe protoplasm of which is specialised , wi "that J 

fnntvrtV. foe neVulike nP ihe. (*<jll -tilt ftucmo lit iL life 


consols 

VjtlttheY 



1 _ _ Jr 

sr a wdtt meaning , Since il* Can be applied to every protoplasmic, lurid 
wall. 


or nor or possesses a car wan. . . , , , K ,.i • ... 1 u 

Yfen .one 'nucleus is present, lint cell is Uninudeale • when several are present, u & mulunudeate. 
dhe later bem.q sometimes called a Coenocyte . 

idified to perform (He Same |uacVioa 



1. BLOOD. 


Blood is oat of (He liquid, tissues of fe body , lymph bang die other. p . . . 

and INT&Krg-SRdYg. blood both stxye- To conduct tfe produ.de of tnetabohsm 

nlrVmV -rtt© PwT7 c yi r^nac-a oTfxita. <?Tr 7 


YUY\ \E-UV\n 1U auu UAYCL.YM ^v^rxry \ u> UIQOU. Vjuvu oian^ vu "Vp 1 

abouJt tilt bodv| . t.q. Aoo37~^cvua et . . 

lilt, red Colour mg matter - doano qlqb'ai is in solution in Invertebrate blood. -e.q. fuuthvvcmd, but in the Ygtebrale it is 
oonfafcd lb Corpuscles , which {loot w Hie straw - coloured liquid medium - nameVy Plasma . 

Iri addition to me Red. corpuscles , Vertebrate. blood contains While Corpuscles or Leucocytes, which in me 
healthy animal are much less numerous foan the Red. ones. ■ „ » • , ., 1 

"the Haemoglobin is important -for Respiration . in that it combines With Ihe Oxygen to -form an unstable com- 
pound- namely OxyhaemoaloWi . On disttiWtibn to Hie tissues, this com bound readily gives up ife oxygen to "them, 
while the Caroon dioxide ft~obsotbed '-from Ihem in the process df diffusion • . . . 

•Ihe White Corpuscles or Leucocytes are similar "in most qroups of Vertebrate. Wilma the individual 
they differ ih both Worm and behaviour. f\$ a rule . the protoplasm is evenly qianulat , and Capable c>f amoeboid 
•Ihe nucWs wlucti is always present likewise difpas in shape aad ‘Size.. 

•'the. moe»lr important'' while, covlousdes art the- Ifetnocytes , since, tthey are teqpoasible -hoi wvqectinq Itw 
Badrevia which hai/titg q^uviecl gritvance. into tbit blood Stfecun tuoolu c5tt\<rioise. 5elr u|p cdiScase. . 

"tlhe in [eclCon op an open wound by 5uc\a Bcrdrewa. -pre<^uevitly f^Sidte m ^Scphi edemia. , 


lloweVeX 

moVemt 


MHHlMHLlftH BLOOD 

ihe Red Corpuscles ate characteristic in that 
fey ore round and non- nucleated , and are 
relatively small measuring j5 - 6- 5 a in diameter. 
(XL * micron - _1— m.m) 

1.000 qh<ey are biconcave. 

owmq to the absence a[ fe nucleus in the mature 
condition , and this is resbonsble -for fe appearance 
of a light Central disc in surface . 

f?oulsamc — aqgreqalions of Red Corpuscles, 
peculiar to Hum mail an blood, aftex it Has been 
drawn from Ihe organism. 

Human blood 


HtA&Hl&ldW BLOOD , e.g f^OG . 

Ihe Red Corpuscles are oval, and measure about 
TXx 4 >c 16 vr 'Ih.e pteeence o[ the large deeply stainu 
nucleus is responsible dor the biconvex, ity of Ihe 

j fioo : 

Red Corpuscle 
with nucleus 
(Xautliocytes or 
erythrocytes') in % 
ratio to tie leucocytes 
of about (500 : 1. 



feiconcaydy of 
Corpuscle owmg 
fo the absence 
) of the nucleus 


Red . 
Corpusde 


Leucocyte. , 
with nucleus . 


Rouleau*. 




Leucocyte 
with nudui. 


‘bide Yi’evi of Corpuscles 
showina, ihe biconvexily 
owmq to Ih'e presence 
of ihe nucleus 1 - 

K.W.Rl.l 
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2. (LPrfHELUkL "TfeGUE. An epithelium is a layex of celfe Which covets the body and hfe£. any spaces (e.q 

coiW) which it rnugVvV contact. If is o| Two Kinds: - 
a) simple epithelium consisting olj out lay ex cells, 
bx Gmpotuia epithelium o| moxe ikon one laye 


Uex a 


§ Cells. 


a) Simple epithelium . (i) ‘oquamous ox pavement epithelium . 

Cad skin of Mewt. (su^ace. view) 


Isolated cells -born the. mouth 
1 o)| fxoq . 




dhe biotoplasm 6 tiaely qxauaW , 
while the nuclei axe laxqe and found . 

‘bmiilax Tissue, lints? the blood 
vessels and the Coelom. 


iTueUas 

ftotoplasm 


LtnidiluAiuol section 


Golumnax epithelium dxom the 
Small intestine Q^Cat 


Ob Golumnax epithelium . 


isolated ails -T<om Hit intestine o^ ftoa . 




"this type of cell lines % qxeatex bad 
of the Alimentary canal. 

ihe elongated cells aland side by 
Side on the base.mg.rtl mefflbxane. , and 
axe closely applied To each othtf. . 
due nuclei ait longs, and slain deeply. 

..(basement mewibxaue. 

Cm) Ciliated dpitfe.li ukv 

ClliajeA fcbithtliUrtl fern . .. f'lia-Oi 0 ,. 

fe dxachta aV Cat. Iheee cells have the usual Columnar )oxm, While me - pee edge away pom the 

basement membxane beaxs densely aowded cilia . . 

dtus tissue is found in the way at' Ihe mouth o| rxog , wtlexe il causes (he 
tnu&xs o^ the mouth to flow down the oesophagus, so |ac.ililaiing the 
process ov SWallovjiaa. 1 . . , f 

k the Ixachea a\ Cal, the cdia axe xesbonsible pax the up wand ament of 
mucus by Which -[oxaqu matte*, likely to pass lo the lungs, is expelled. 

b) Compound, < tpi(feiium m ShaV^ie<X epithelium - 
Epidermis -Wm the shin of koq . 



OccuXs chielly oh the body as the epidermis o|“ the skirt . 

Sevexal Wens tie on the pusemeafemembx one. - IhTWesl Cells oae. the laxqest 
and possess big nuclei, dhese cells cue constantly dividing, and so qwe x#e 
fo rn.de Superficial , which qxadually become yiattex as "they approach me W^ate. 

dhe uhpexmost lay a Consists cf -hat cells ox s qm awes which, ovedab and 
constahllv/ r 'vub dc . while tfex place is taken by otheis tecMed morn the 
Iowa lay as. 

.Lowest lay« ox the Malpighian layex 

of thfc epiAyovs 

3. GLbMDULkR 'feb&bfe - ihe imboxVanee. pT th ese Celle lies in theic powex To eecxete 6uhstahee6 , wkicn axe 

neceesaxy yn the qenaal metabolism the body. 
dtUrticekW glands (0 G oblet cells . _ . , , , ., . , , , , 

I 1 J ^ ’■ i i- A /x. <±c. siw* i/artLil n\ r\r^A VvfiiVl i 



Goblet cells -pom lame intestine oj Ooa . 
| Goblet ceil. ColamnaX Cell. 



'these, axe isolated cells iatex mingled With Columnar celts, which Ime _ 
the laxge ihtestine of fiamtnals . ihese qoblet cells axe xesponsibleyov the 
seexetion of mucus?, which is necessaxy -^ox Ihe lubxicatioxi <§ the Hh - 
mentavy Comal. . . t ?» 

Mucus occuxs withm the Celts as qxanules , which when disd\atgtd pxws^ 
the mucus , ilus qwes to the epithelial lining the name. Mucus avembxane. 

flffex the dischaxqe of the mucus , ihexe abheaxs in the cell - 
a Cub- shaped hollow — hence, the '(lame" doblel celt !' 

KWrtrf 
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GLRNDULBG ''ftS£U£. . (Continued! 

, y MS qK4§ - O’) simple dubaW gland . Hyt gUdular A axe qiouped ISqetKer \« suchc 

Sadion of Urge Intestine of Qoa . wavj ttiair their secreted brockets can be poured into a xeiepfacle , which, ober 

to the edexior bvf a single tubular dud . 1 

Glands of itus ppe life ‘the wall 4 the laxqe intestine of Ham male. 

Section of das small laftetine of Coir showing 
Modification of the simple Uodar gland found - /^cPmT VWi 

in ffv.4- wall of the small latahne of Maw dais . 

Piofedihg into the Wen of fe qal: cue- finger • 
like processes or Villi , which Jfow a Velvet - 
kKe pile lining the canal 1 
hadt . 1 villas is covexed with Columnar epithet 
and is responsible fox Ids absorption of 
digested .food -from the. Small Intestine. 

ihe Simple, tubular glands, which in Ifus 
case axe situated between the. Villi, axe lined 
Wild columttax and goblet cells, and axe 
Known as the c qpk of UebecKutw . -the. 

Wedwt tissue Mer seefae mucus. 



Goblet 
cells 
Secreting 
Haems 

Column 
cells 


Columnar c4 
Connective 
/ tissue 

Gvpts of 
Liebexkuhn 
(Svmpte 
tabulax 
placid 


Section of the skin of bog . 

Opt I 
dexmls 


(ii) Gttiple Saeculax aland . 

dhese flash -shabed glands in the slid of frog axe q two fads 
10 the taxde~qraauta.r poison qlana, 

(el the Smallet Slime aland. 



. Smaiiei slime qlana. 
bach consists of a round based bod ion ox. 

fnnd.aS and the duct . nhe fundus is 
lined with qtandular Ceils, and is there - 
fox responsible fox the secretion, while 
doer being non - qlandular 


uci uemg non - qiaaauvar , StxVeS j§SX< 
to carry the. products of the fundus 


.. the ejetexiox 

Lowest- row (or the Malpighian layer) 
of the tp'idymvs 

Pigment cells. 

" Slime gland stqehaq mucus. 
■Strands of Vettical fibres in the 

GnuedWe - h^ a e 
Poison qtand fwatew Secret ion 
With unpleasant Met 
Dense connective tissue 

fa- Qlandu\a< Celh 
of fa Pad . 



Goblet 

cells 


lymphatic Vessel . 


wtexy. 

(fa t^aegjrgoss- gland . 

Diagram of a Kaaen\ose- gland . 1. p • 1 . 

raxlhev modification 

of ihe compound tabular gland , 
in Which each branch is divi- 
ded up into a series of bulbous 
chambers ox ftWeoli . 

Ihe glandular cells axe Confined 
to Ihe Klveoli , where they ofccG 
as groups ox (\cini . 

dhe secretion _ of Such \s poured 
into the Subsidiary tubules, and 
finally info the main dad which 

bwJ rtta 


txansverse Seclio 
of Ihe Duct 


Haul dad. 

Subsidiary 
ducts 




(iii) Compound 'dabatax gland. 

‘ Section of Stonyach of Dog. 

the fundus ox 
seexetow paxt of . 
these glanas contai 


hWtoli , , 
containing 
the heim 


opens fo the ‘ederiar . 

When the ftVveoti axe vexy numerous , as in the pancreas and 
SalwgW glands, the parts axe bound together bv( connective tissue (Welt 
Sapphed with nexves and blood vessels’^ to form a compaclr organ. 


and axe granular 

( Cells , wh’xch lie towardx 
the outside of The qlaa 
wall 

and 

b) d ear Cubical oryntie 
cells, which seexetc 
Hi|dro chloric, acid, 
the latter is essenh 
because Pepsin vc 
onW acr iq aq 
acid rqediun. 

iiansvtxet scchon 4 fa hmdu 
Gnuictwe faue 


HW.rd.tT. 
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4 ' CONNECTIVE. Tl6SuC - ihit is xtsponsibW. {ox tht 

a) binding togtliiEX df various pods e.q. K^snWy, fhtolax tissut ox 

b) 6uJpfaoxV oj| any organ . Z.q. sKtktal paxte. 

(it CaxtiUqg. . _ . , 

UViitq cells. . caviW. .Math* Gomxnonly Known ojb qxisllt . -fus tissue, coqsruutis tut wholt ban 
■ ' of ft OoafeH sKtltldn, and a cansldcrablt baxlf of tfialr of frog. 

iht sunble.at fo«n is Hyalins cqxfilaqt 
R thin sschau of Hyahnt, autdagt is nor opaqat fo light , ana Consists 
of an oxaaufc qxound tisaut ox MatnC , in which axs Small wsgaUvly 
se.alfertd cavities containing cslls. 4it latfox art tilhw solitary , in 
bans, ox in gxoUps of ^oux. . . . 

'tfxt Cells Insmsd-Vts are. living and mxough out mtix tAstenc*. 
•:• :•/:•. ■•■■: axt cap obit o!^ dividing, and by ttitix ^saetoxy power , are oJolt to 

i-’Y" :*"'-4 ;;; ir :: Yf- '• "'n '•* i"-' • ''-:' ;: :/yYY ; ; •’ '■ ■"- pxoduct . ntw Wfrix . ... i 

1 ©))- ;•*• ' 1 "• : • • ' i- : : : : ol^^vc ■'• • • «t£ solitary cells when JulW grown divide, into, two , and 


again info W. dhtst {our, by {ur th.tr {ormahon of MfrW. around . 
themselves stbaxalt- -{tom Each other complete. there qxowih and then again 
divide.. • 

React Iht increase, in fit bulk, of carulagt. 

"flirt axt no passages between tat Cells, so thar au<y rxanskxsnot 
o!j substance is bv/ evasion tacouqh Hit tuahiy . 

Modification o? Hyaline. CadiiaQS. is dependent upon the impugn all ion cC Ills ftlafxix. with othex Substances. , 
Calcified CoxWadiT Mamy. is impregnated with Calcium carbonate, , as in members of_ the , ‘Shark dawT// 

1 r ^ in which ihT^hldqlhons " skeleton is thus sheened. 

Elastic. Codlings, . fanning • fhxoaqh ths. inafxiic axe vjs.llov( i ‘djashc- ^ibxss , VxVuch annslo moss- fhxc 
fe txidlrix. - " Such caxrilags. is cnaxadtoustd its ■ dasuelW , and is 'jound 
paxbs which tnash atesssauh/ be. ^Isylblfe. s-g. Out<y( tax o^tgammals. 

ihs touah ntss o{ iht molx^ hsxe is dut to tht. [3xss.tncs o| VxHiti mslaeKc ^ibxss 





ouaHoulr 
ixi ihost 


Pibxo • CaxIilaAt 


whicK xsndsx ths. wholt cababk of With^londihg . &onsukxab\t Dxsssux t. ^ p 
Ilf is found btfwttn tht avheulaioxY su>qae.ts of Joints , and btiwtsn iht ctnlxa oj hit 
Vtxttwat , which axt paxts -subjsjd fo qxtoJf px<«ssuxt. 


(ii) P)ont . 


, , dhs sh-cnglh and hoxdntss d this ffosat is dut to tht {act fiat Iht subsianct is 

impxtgnaJftd with hoxgam«^^lfs . Ytbulk^Qpi Consist^ tnalx iy , in which th^_ cdls^axt xtqulad^ 

~ W^~1hixi 

o^ which is Calcfoxn phosjpha.lt- 


axxanqtd. Rbouf out -thud of tht malxiV consists ot a ^imilax oxqanic Suifanct fo thalf of anri\aqt ; 

Whvlt . fit . Xttndtfuad two - mvxas IS o{ an inoxgania hatuxe. , containing Saifs — Iht raos>V pxtvoisnt 


liaesvexe-e. section of bone. . 

Canal fcah . 
lacunatf. 


(boxvt lawidlat. 



Yansvsm esxtxdn o^ foont shows a s-aiss units Known as ha^sxsian 

Sqsltms . tach wilh a cnfial Havatsian Canal . Wilhin this cana.1 
Xun tht blood Vtsstls, ntivts, and Wmphahct. 
Conctnuicalp auangsa axt tht . small tx spacts ox 
hacunce , wnilt tht conctnhic xu\qs gj boat Ottwtin 
Ihswi ax«t tht bont Lamsllat . . , . .. 

hmwinq thxouqh Iht Uuntllat axt tht Canghculi - 
\ajmiWiaa chana^s Containing, pxotoplas.«iic Ihltgds 
which pass bdwtux tht Lacunot o\ out \((\Q , ana thost 
Iht adiacavt xina,, so foxmincq a mtans o\ Communi* 
Cation b'dwtsja fit l Wing c< dls of tht uveunat • 

^fht bont ctlls ox Covp usdts axt coajjiatd fo iht 

fht Hannxsidn sqsttms do not Xtnvaig holoftd. 
bat blanch that" Ihnxt is an. adtquoat disiiibuVipg 
of-ntvyts, blood vtsstls and tymphaucs, fixouqhouX 
its subsVojnct- ^ 

t\avtxs>ian tystteg. 


havsxsian canal 
Laminae. 
Canalfculi 
bont lamtlW. 


MM-K4. 



S6 H BIOLOGY - CELLULAR <olRUCFU&£ Of RKMflL -tVofrUE-g) . 

5 . MUSCULAR KlSSUtc . - much of which is responsible fox the wuwernexiV of Shelelol tissues to which 

iV is attached bvj tendons . Its power is dependent upon its conWWifo. 
it occuxs in trues . forms > 

(i) Striped . striated. or Voluntary 
(ji] hnsthped , unstnated or involuntary 
(iiil Cardiac. 


Qidflinia to show ftve show the 
structuxe o| The thusde. . ~ 



.{Lpimysiom. 
Fasciculi 


'fe.vi<U\JSlO«l. 

tiydattv^Auirtl- 

Fibres. 


(.i) Stubed , striated oc vdunfaxv taascle Consists cf dongaled bundles of Fibws. 

ike FLpirnysiuxa is (tie elastic counsel We tissue covering the tquscie 
which incloses the bandies of -fibres or -fasciculi . 

Kach fosciculas is Provided With a Similar covering , gamely the . 
tfoimysiW , white the fibres within axe bound tew membranes 1 forming 
the xnAoV\v|siyira . 

bdween the bundles run a network of nerves aqd blood Vessels. 

ihe fibres axe choaadecistieatly stuped in appearance (about £oa 
in diameter") 'the bulK of the Substance is sfocgplnsm (which Consists 
of foie fibrils ox Soxcostylest and is a Contractile tissue, while the 
membrane covering ‘it is the Saxcolexnma. . , «, , • , , , . . 

'he stupes axe caused by airexaat ing bands ef tight aqa dark 
across the substance of the Saxes plasm - 

ihe nuclei occur jud beneath the Saxcotsxania. 
me fibre may beregaxdtd as a. syncytium . in which there is no 
division into definite cells, it may be compoxed With, a Coertocyte - 

fibrils of 
Sarcoplasm 
(^axcodyUs) 

Coxtxed b'f 
I he Sarcoiemma . 


0>Y<( okd Muscle Fibres . 



muscle. , consists 
wIC oral 


lib rlam . unslhbed . ixnsWleA ox involuntary mi 
of tightly badtea aisthct spindle ■ aiaped celts 


nuclei . tibiils t>\[ Sarcoplasm tun along he wVuile. length 
of the cdl | giving lo'wF a faint toaqitudinal etnauon . 

had\ cell is provided with a Adicoie sheath . 

Whin they occux in musses , flit Cells axe held 
togettreX b'f an iateicdlutax cement substance, 
across which run thxeads of protoplasm, 
these seive to Keep the Celts in continuity • 



(ml Caxdiac muscle . ( From borradailed 

Caxdiac muscle o\ than . . , fc 

Caxdiac muscle o\ nog . 


. <( ttu 
'epithdioid 
eills which 
Cenex the 
bladder. 


in 


Ihat il 


is 



*us. 


Kuckus 



Cydiac muscle resembles Voluntary muscle llWM .. - 
skated , and in action - vigorous , but, like involuntary musde, 
it is not under the control cf ihe Conscious braid . 

"the cdls Constilidinq the cardiac muscle of Frog axe spindle- 
shaped and nucleated- 

ficcordmq to Some, Qultiorilies , Caxdiac muscle in Kan 
is composed ot Sgjjjue S.nded Cylmdex - like cells , ‘lach 
Containing a nucleus , and Having a peculidx , process 
which abuls upon a similar process ‘m a geighbouxihg 
cell. 


Olh« authors regard id as a meshwotk. of Sareo- 
r , provided With duckx, and -fibrils 'which run. aW 


W I 


'!t , white r whdr appears to Pe Celt ' boundaxies are aduatp 
bands , which do not extend through the -fibre. 

n.v<. tA.nf. 
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G. nervous " TVofrue. . 

Nsxvt cells -[rota the Spinal card of Ox . 





Diagram, to show the 

etiuctuxe of~dlVcWe. . 


Consists $ wt ceils , and thed processes , which. axe xesponeible for 
the conduction of impulses fxom and to the CfettWo\ Nervous ^stwt. 

Diagram of a Multipolar MwtCell . 

Ntrys cells aue found in the any mofa of 
the bxair\. ~dn.d Spvnal cord . iWy axs louqe ’ 

<oMloK — C‘dU , add axt dassifitd . accordiit.q> 

to the number of processes which. emerge • „ . — 

from them as uni -polax , bi -polar and Wulft- bow. ~y . T 

Ihe latter out he 1 prevalent Kflpt. x - v N Hudtus. 

Nissl . 

granules. 
-■Dendxon- 
-T)a\.<i<ttes. 

t\xon w\udi 

maxj .vtodi 
fed va 
length vri 
large 

animals. 


iht protoplasm of the cell fo qtanulax , and Avt 
Single Uucieusf is 1 large and conspicuous,. .me deeply • 




PejfCtVtu-Xxvitg . 
Endoueunum 
binding togtiW 
l\i- 



Sy 0X1 df 

Ye processes ox dexidrons which Sjmexqe, fxom the cell fxtauexdh| 
bxtak up into hne broaches ox dendrites . which come info pxo*iVai\'.| 

With .those oY adjacent ceils .. . • . r , , 

ihe (X-iaq id lae wnOj ixadwiaea aer\dxor\ , mien forms the central 
box\ioa o? "fo rvexve fibre. , and is responsible fox flat iVaa'S’missibq of 
impulses fiora frit cs.ll to the periphery, 
tpiaeurium. . , . . . 

" ’ Lack nerve lias an. outer conned iVe. tissue Coax ox LpmeijUtrM , . 

VlVdl Yxidoses ttamexous fuafouly bound togettyex W Pndorieuxrum . 

Lack fumicuWo Has a protective. sheauth ox fed near iu eg t and 
conUuis a qxouJp cf ' fipfe<£> . 

[H^s. ^ibx^e oxi cf Wo KinAs - Ktxjidlakci and Ko<j- rcl&WWkd. 

Ksdulldid fibxss form [\<i bulk of Iki ptineibai Cxanial 
and spinal litx^s' . 

'w& \on<5 adioui Q.^6 


Aiid<t( n 



Kodt of fWw 1 
tdtdullax^ 

Axis c\(lindtc 

Kon- Ultdalloled 
(kuxi Itwffla 

Axis Cv(tindtX ox 
Axon 


uis. mldidlax v| 

inVixvrcds , and it<t , - r , .... . - . 

-Sack Cuiinis forms Whar ous Knovxn as tns. noats of Kanvisx . 
ikt. xiqion bsW-tn Iki tiocW ( inVixnodis) axt 

proOabL/ modified CnAs, <5incs, lAis| liaeK eonCaiH on 
donaodid nac\<tjjL<6. . K • . i . 

IdnjdulloJsd, fibres branch oai^ oi «vux pnxipnsxai <inds. 

Hon- uiidallaltd XidtO ootux in small numbtrs m Ganial P 

. and Spinal ntWss, ba\ oat \Kl chid I'jpi, o\ 

dibit found in hit bfapaftydid NsiVoiis ‘5^^- Yt navis out 
pdlt-coWta and ft\m ond Kavi ho midulWp shealh , bid possiss Alt- Aim 
Vl« coalf o< hnuxilimma. 

. , IK <b\ axt liacltalid along ihtix knqlH , and Qp\ bianeh- 

ixansvixie.'oidion of lAl 60 i(\al Cold of Cal . , . .. x q. , 

n„«\ Grtv maft« uansvasi Sidion of thi nwt cold ^hovis., on mt ouisidt , Ait najamM 

° A dTconiii^i lissai " 'c55F7viHic.Vi along Alt wnddli Imto of V 

doisal and vtnbal siafacs , passes 'm to somi atptti , as the 
doisol and vmhal fi&smss . 

Yit ennhed (\nxvoas hssai of Alt qinv mafa Siaiounds fat. 
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Vaucheria, 28 
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